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ABSTRACT
The p resen ce  o f m elanocytes lo c a te d  c o n s is te n t ly  w ith in  
c e r ta in  m uscles o f th e  leg  o f PET m ice was examined e x p e rim en ta lly  
in  o rd e r  to  de term ine  th e  em bryogenesis o f  t h i s  c o n d itio n . The 
o r ig in  o f  th e se  e x tra -e p id e rm a l m elanocytes was in v e s t ig a te d  by 
g r a f t in g  v a r io u s  re g io n s  o f th e  leg  o f  mouse embryos in to  the  
coelom o f White Leghorn ch ick  embryo h o s ts .  In  t h i s  manner th e  
m ig ra tio n  o f m e lan o b las ts  in  th e  mouse embryo was tra c e d  from t h e i r  
o r ig in  in  th e  n e u ra l c r e s t  to  th e  d o rsa l  sk in  o f th e  leg  where they  
appeared  f i r s t  by 12 days o f g e s ta t io n .  The v e n t r a l  su rfa c e  o f  th e  
leg  was p o p u la ted  du rin g  th e  fo llo w in g  day o f developm ent, and two 
days l a t e r  th e  mesodermal t i s s u e  o f th e  leg  was p e n e tra te d  by melano­
b l a s t s .  In c o n tr a s t  to  t h i s  sequence o f  appearance o f m e la n o b la s ts , 
p ig m en t-co n ta in in g  c e l l s  were found in  th e  m u scu la tu re  o f th e  leg  
by th e  17th  day o f g e s ta t io n ,  and t h e i r  number in c re a se d  u n t i l  the  
mouse was one week o ld ,  a t  which tim e th e  a d u l t  complement o f 2,100 
m elanocytes was reached . Evidence i s  p re se n te d  which in d ic a te s  
th a t  th e  a d u lt  number o f  pigm ent c e l l s  was a t ta in e d  th rough  p r o l i ­
f e r a t io n  o f m e lan o b las ts  a r i s in g  from th e  i n i t i a l  c o lo n iz a tio n  o f 
th e  mesoderm, and n o t th rough  a con tinuous m ig ra tio n  from th e  s k in .
A study  o f 8 s t r a in s  o f  pigm ented m ice re v e a le d  m elanocytes 
to  be p re s e n t  w ith in  th e  m u scu la tu re  o f th e se  form s, a lth o u g h  nev er
in  as la rg e  a  number as in  the  PET s t r a in .  Thus i t  seemed th a t  
th e  t i s s u e  environm ent in  th e  PET s t r a i n  does not d i f f e r  b a s ic a l ly  
from th a t  of o th e r  m ice in  su p p o rtin g  m elan o g en esis . R esu lts  of 
sk in  g r a f t in g  experim ents between leg  and b e l ly  sk in  o f  newborn, 
and f e t a l  and newborn, PET m ice p laced  the prim ary r e s p o n s ib i l i ty  
f o r  observed  re g io n a l  p igm entary  v a r i a t io n s  on a d i f f e r e n t i a l  mi­
g ra t io n  o f  m e lan o b las ts  in to  th e se  re g io n s . The p o s s i b i l i t y  o f 
am elan o tic  m elanocytes b e in g  p re s e n t  i n  th e  unpigm ented sk in  and 
m uscles o f  th e  le g  o f  PET mice was doubted.
The m utual re p u ls io n  o f  pigm ent c e l l s  as d esc rib ed  by T w itty  
could w e ll  be the  mechanism accounting  fo r the appearance of melano 
cy tes  w ith in  the  m u scu la tu re . C ontinued p r o l i f e r a t i o n  of pigment 
c e l l s  fo llo w in g  com plete s a tu r a t io n  of the sk in  would r e s u l t  in  
th e  p e n e tr a t io n  o f  th e  deep er mesodermal t i s s u e s  by m e la n o b la s ts , 
where th ey  produce m elan in . The v a ry in g  deg rees  o f  p ig m en ta tio n  
in  the s t r a in s  s tu d ie d  would thus b e  an  e x p re ss io n  of the  p r o l i f e r a  
t iv e  c a p a c ity  of the m e lan o b las ts .
I .  INTRODUCTION
Pigm ented mammals g e n e ra lly  have been d e sc r ib e d  as p o sse ss in g  
m elanocytes a s s o c ia te d  w ith  th e  sk in  and i t s  d e r iv a t iv e s ,  and w ith  
the  ch o ro id , th e  r e t i n a ,  and th e  i r i s  o f th e  eye. On o c ca s io n , 
m elanocytes have been re p o rte d  to  o ccu r in  e x tra -e p id e rm a l reg io n s  
as w e l l ,  a lth o u g h  n o t w ith  any degree o f p r e d i c t a b i l i t y  from one 
in d iv id u a l to  th e  n e x t. Branched m e la n in -c o n ta in in g  c e l l s  have 
been observed  w ith  some r e g u la r i ty  in  th e  co n n ec tiv e  t i s s u e  o f  th e  
p a ra th y ro id  g lands o f  sheep (S chaper, 1895), m ice (Dunn, '4 9 ) ,  and 
th e  gray  r a t  (Addison and F ra s e r ,  '3 2 ) .  The hypophysis o f th e  
l a t t e r  a ls o  p o ssessed  m elanocy tes, w ith  th e  in te rm e d ia te  lab e  being  
e s p e c ia l ly  r ic h  in  p ig m en ta tio n . O ther e x tra -e p id e rm a l t i s s u e s  in  
w hich m elanocytes o ccu r in  th e  mouse a re  th e  m eninges, e s p e c ia l ly  
between th e  o lf a c to ry  and c e re b ra l  hem ispheres; th e  thymus, and 
h a rd e r ia n  g land  (M arkert and S i lv e r s ,  *56). The a d re n a l m edulla 
and lymph nodes in  man a re  sometimes pigm ented (Masson, '4 8 ) ,  as a re  
th e  a d ren a l cap su le  and th e  w a lls  o f th e  p e lv ic  blood v e s s e ls  o f 
sheep (G ran t, '3 3 ) .  C e rta in  m arsu p ia ls  a re  c h a ra c te r iz e d  by p o s se ss ­
ing pigm ent w ith in  the  re p ro d u c tiv e  t r a c t  (B urns, ’ 3 9 ), and a s im i la r  
a s s o c ia t io n  may e x i s t  in  th e  p la c e n ta l  mammals (B illingham  and S i l ­
v e r s ,  '6 0 ) .
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Even in  th e  sk in  c o n s id e ra b le  v a r i a b i l i t y  in  m elanocyte o ccu r­
rence  has been observed  among v a rio u s  form s. In  th e  mouse m elano­
cy te s  a re  r e s t r i c t e d  to  th e  h a i r  f o l l i c l e s ,  and a re  lack in g  in  th e  
derm is and ep iderm is g e n e ra l ly .  However, in  th e  r e l a t i v e ly  h a i r l e s s  
re g io n s  o f th e  body such as th e  n o se , e a r ,  s o le s  and scro tum , bo th  
th e  ep iderm is and derm is a re  r i c h  in  m elanocy tes . There i s  on ly  one 
r e p o r t  o f  m elanocytes o c c u r r in g , a lth o u g h  in  very  sm all num bers, in  
th e  derm is o f  o th e r  reg io n s  o f  th e  mouse (S te in e r-W o u rlisc h , '2 5 ) .
In  th e  newborn mouse th e  ep iderm is i s  pigm ented th ro u g h o u t, b u t by 
the  12th  to  14th  days o f  age m elanocy tes no lo n g er a re  found in  th e  
ep iderm is and a re  r e s t r i c t e d  to  th e  h a i r  f o l l i c l e s  (Rawles, '5 5 ) .
The c o n d itio n  in  th e  mouse i s  t ru e  a lso  f o r  th e  r a t  and r a b b i t .  How­
e v e r , d u ring  h a i r  fo rm atio n  in  th e  gu inea  p ig  m elanocytes do n o t d i s ­
appear from th e  ep iderm is b u t rem ain th roughou t l i f e  (B illin g h am , '4 8 ) .  
I t  has been re p o r te d  th a t  m elanocytes a re  more w idely  d i s t r ib u te d  in  
th e  young gu inea  p ig  ep iderm is than  in  th e  a d u lt  (B is c h i tz  and S n e ll ,  
'5 9 ) .  In man m elanocytes a re  found in  th e  ep iderm is in  a l l  re g io n s  
o f  th e  a d u lt  body, and have been th e  s u b je c t  o f  e x te n s iv e  in v e s t ig a ­
t io n .  Dermal p ig m en ta tio n  in  man i s  c h a r a c t e r i s t i c  o f th e  f e tu s ,  
and may rem ain in  th e  form o f Mongolian sp o ts  in  th e  young. However, 
derm al p ig m en ta tio n  seldom p e r s i s t s  in  th e  a d u lt  human (Zimmermann 
and B ecker, '5 9 ) .  A dult p rim ate s  as th e  chim panzee, o ran g u tan , ba­
boon, b a rb ary  ape and macacus a re  r e g u la r ly  pigm ented in  th e  derm is 
(A dachi, '0 3 ) .
The most common e x p la n a tio n  f o r  th e  above d if f e r e n c e s  in  p ig ­
m en ta tio n  has been th a t  a p a r t i c u l a r  reg io n  in  one form i s  capab le
o f s u s ta in in g  m elanogenesis, w h ile  in  th e  same re g io n  o f an o th e r
form m elanin  sy n th e s is  cannot occu r. For exam ple, i t  commonly i s
supposed th a t  th e  s u p e r f ic ia l  ep iderm is o f th e  a d u lt  mouse i s  an
u n fav o rab le  locus f o r  m elanogenesis, and pigm ent c e l l s ,  a lth o u g h
p re s e n t in  th e  a re a , a re  f r e e  o f  m elanin . On th e  o th e r  hand, in
th e  reg io n  o f  the  sn o u t, e a rs  and t a i l ,  th e  ep iderm is a p p a re n tly
p re s e n ts  a more fa v o ra b le  s i t e  f o r  m elanin  s y n th e s is ,  and pigment
c e l l s  in  th e se  reg io n s  c o n ta in  dark  g ran u le s  s c a t te r e d  th roughout
t h e i r  cytoplasm . I t  should  be reco g n ized , however, t h a t  an o th e r
p o s s ib i l i t y  i s  l ik e ly  as an e x p la n a tio n  f o r  th e se  re g io n a l d i f f e r -
t
ences in  p ig m en ta tio n . M elanob lasts  may a c tu a l ly  be ab sen t from 
th e  ep iderm is o£ th e  mouse excep t in  th e  r e l a t iv e ly  h a i r le s s  reg io n s  
o f  th e  body, where they  appear as m elanocy tes. The re p o rte d  a t t r a c ­
t io n  o f m e lan o b las ts  to  th e  h a i r  f o l l i c l e s  could  w e ll account fo r  
th e  d i f f e r e n t  lo c a tio n s  o f  m elanocytes in  th e se  re g io n s . A ccording 
to  t h i s  a n a ly s is ,  th e  v a r ia t io n  between gu inea  p ig s  and mice could 
sim ply be due to  a g r e a te r  p ro d u c tio n  o f m e lan o b las ts  in  th e  form er 
an im al, which r e s u l t s  in  m elanocytes appearing  betw een th e  h a i r  f o l ­
l i c l e s  in  th e  ep id erm is . V a r ia tio n s  in  th e  tim e and e x te n t  o f m igra­
t io n  o f m elan o b las ts  from th e  n e u ra l c r e s t  i s  n o t uncommon, and has 
been h e ld  re sp o n s ib le  fo r  d if f e re n c e s  in  p igm entary p a t te rn s  in  
v a r io u s  an im a ls , as has been shown by T w itty  ( '4 4 )  in  am phibia, and 
Auerbach ( '5 4 )  in  m ice.
In  1958 a s t r a i n  o f mice was e s ta b l is h e d  a t  the  M edical C ollege 
o f V irg in ia  which was co n sid e red  to  have an unusual p igm entary  p a t te r n
in  th e  sk in  and e x tra -e p id e rm a l a re a s . Termed th e  PET/MCV s t r a i n  
(Pigm ented JE xtra-epiderm al jD issues) , th e se  m ice were o r ig in a l ly  
d e sc rib e d  as  having  pigm ent c e l l s  c o n s is te n t ly  d i s t r ib u te d  in  th e  
co n n ec tiv e  t i s s u e  o f  th e  p le u ra , diaphragm , and peritoneum  (Reams 
and N ich o ls , ’ 5 9 ). A subsequent more d e ta i le d  a n a ly s is  o f th e  
t i s s u e s  o f t h i s  s t r a i n  re v e a le d  m elanocytes to  be a lm ost u b iq u i­
tous in  d i s t r i b u t io n ,  and were c o n s is te n t ly  ab sen t on ly  from th e  
co n n ec tiv e  t i s s u e  o f  th e  g u t l in in g  (N ichols and Reams, '6 0 ) .  S ite s  
n o ted  to  be p a r t i c u la r ly  r ic h  in  m elan in -p roducing  c e l l s  were th e  
s k in , co n n ec tiv e  t i s s u e  o f th e  lu n g s , k id n ey , r ib s  and c a r t i l a g e s ,  
gonads, in t e r c o s t a l  and ex tre m ity  m uscles, s e m ic irc u la r  c a n a ls , 
and o th e r  t i s s u e s .  The d i s t r ib u t io n  o f m elanocytes was n o t ,  how­
e v e r , c o n s is te n t  from l i t t e r  to  l i t t e r ,  o r  even w ith in  members o f 
th e  same l i t t e r .  S ince th e  e s ta b lish m e n t o f  th e  o r ig in a l  s t r a i n ,  
a s u b s tr a in  showing u n ifo rm ity  in  the  appearance o f m elanocytes in  
th e  sk in  and m u scu la tu re  o f  th e  hind  limb has been i s o la te d  and 
m a in ta in ed . In  a p re lim in a ry  re p o r t  on th i s  PET/LSU s u b s t r a in ,
Reams and Mayer ( '6 1 )  d e sc rib e d  e x tra -e p id e rm a l m elanocytes as 
b e ing  l im ite d  p r im a r i ly  to  th e  m uscles o f  th e  p o s te r io r  and l a t e r a l  
compartments o f the  le g . Mice o f th i s  s u b s tr a in  show a h ig h  p re d ic ­
t a b i l i t y  in  th e  occu rren ce  o f  m elanocytes in  th e  m u scu la tu re , and 
o f f e r  an o p p o rtu n ity  fo r  th e  s tudy  o f f a c to r s  re s p o n s ib le  f o r  the  
m ig ra tio n  and m a tu ra tio n  o f pigm ent c e l l s  in  an e x tra -e p id e rm a l en­
v ironm ent.
The n e u ra l c r e s t  o r ig in  o f ep iderm al pigm ent c e l l s  in  mammals 
i s  known from th e  work o f  Rawles ( '4 0 ,  '4 7 ) . N eural c r e s t  f r e e  
p ro s p e c tiv e  sk in  from e a r ly  mouse embryos g ra f te d  in to  th e  coelom 
o f W hite Leghorn ch ick  embryos produced sk in  and h a i r  th a t  were 
devoid  o f pigm ent c e l l s .  G ra f ts  of s im i la r  t i s s u e  from o ld e r  mice 
in to  which th e  n e u ra l c r e s t  had a lre ad y  m ig ra ted  produced pigm ented 
h a i r  and sk in . Using t h i s  method Rawles was a b le  to  map o u t g en er­
a l l y  th e  m e d io - la te ra l  sp read  o f m e lan o b las ts  from t h e i r  n e u ra l 
c r e s t  o r ig in ,  and dem onstrated  th a t  by th e  end o f  12 days o f  em­
b ry o n ic  developm ent m e lan o b las ts  were p re s e n t in  a l l  th e  m ajor 
re g io n s  o f  the  body. This s tudy  by Rawles i s  th e  on ly  d i r e c t  e v i­
dence a v a i la b le  f o r  mammals r e la t in g  to  th e  n e u ra l c r e s t  o r ig in  o f 
m elan o cy tes , and t h e i r  m ig ra tio n  th roughout th e  embryo. Some in ­
v e s t ig a to r s  have used h is to c h em ic a l methods to  d e te c t  p re c u rso r  
pigm ent c e l l s  and fo llo w  t h e i r  ro u te s  of m ig ra tio n . Danneel and 
Cleffmann ( '5 4 )  employed th e  s i l v e r  n i t r a t e  r e a c t io n  to  re v e a l 
m e la n o b la s ts . They f i r s t  observed  branched c e l l s  in  mice a t  the  
derm al-hypoderm al ju n c tio n  o f th e  snou t by 14-15 days o f  g e s ta t io n ,  
and fo llow ed  t h e i r  subsequent appearance in  th e  ep iderm is and then  
th e  h a i r  f o l l i c l e s .  The su g g es tio n  was o f f e re d  th a t  t h i s  sequence 
o f  m e lan o b las t appearance i s  ev idence of m ig ra tio n  in  t h i s  d i r e c ­
t io n .  However, in  view o f th e  e a r ly  d is p e r s a l  o f  m e lan o b las ts  in  
th e  mouse as shown by Rawles, and the  la ck  o f  s u i ta b le  s ta in in g  
methods to  d e te c t  th e se  c e l l s  du ring  t h e i r  e a r ly  developm ental 
s ta g e s ,  one must use  c a u tio n  in  in te r p r e t in g  m e lan o b las t m a tu ra tio n
as ev idence o f m ig ra to ry  sequence. R eliance  sh o u ld  be p la c e d  when 
p o s s ib le  on g ra f t in g  methods to  re v e a l th e  p resen ce  o f m e lan o b las ts  
in  th e  t i s s u e s  in  q u e s tio n .
The purpose o f t h i s  in v e s t ig a t io n  i s ,  th e re fo re ,  to  examine 
th e  d i s t r ib u t io n  o f pigm ent c e l l s  w ith in  th e  m uscles o f  th e  PET 
mouse; to  determ ine by g r a f t in g  methods th e  o r ig in  and m ig ra to ry  
pathway o f  m e lan o b las ts  in to  t h i s  e x tra -e p id e rm a l lo c a t io n ;  and to  
in v e s t ig a te  th e  f a c to r s  re s p o n s ib le  fo r  th e  appearance o f pigm ent 
c e l l s  w ith in  th e  m u scu la tu re .
I I .  MATERIALS AND METHODS
Mice used in  th e  p re s e n t s tudy  were p r im a r i ly  o f  th e  in b red  
PET/LSU s t r a i n  m ain ta in ed  a t  L o u isian a  S ta te  U n iv e rs ity . In  a d d i­
t io n ,  mice o f 11 o th e r  s t r a in s  were employed in  a com parative 
s tudy  to  be d iscu ssed  l a t e r .  P regnancies were tim ed by p la c in g  a 
male w ith  a fem ale in  e s t r u s  du ring  th e  even ing , and exam ining the  
fem ale th e  fo llo w in g  morning f o r  a v a g in a l p lu g . Embryos used  in  
th e  d e s c r ip t iv e  phase o f t h i s  s tudy  were o b ta in e d  by s a c r i f i c in g  
th e  fem ale , removing th e  embryos from th e  u te r u s ,  d is s e c t in g  them 
f r e e  from the  membranes, and f ix in g  them in  5% fo rm o l-s a lin e .
This f ix a t iv e  was s e le c te d  in  a n t ic ip a t io n  o f s ta in in g  some of the  
embryos w ith  ammoniacal s i l v e r  n i t r a t e .  The ex ac t developm ental 
age o f  th e  embryos was determ ined  by m orpho log ica l c r i t e r i a ,  s in ce  
i t  was observed  th a t  members o f th e  same l i t t e r  o f te n  v a r ie d  in  
developm ent. F e a tu re s  th a t  were found o f v a lu e  in  s ta g in g  were 
o v e r a l l  le n g th , th e  p ig m en ta tio n  o f th e  eye, c lo su re  o f th e  e y e l id ,  
and co n to u r o f th e  lim bs. S ince l i t t l e  in fo rm a tio n  was a v a i la b le  
on th e  developm ental s ta g e s  o f mouse embryos o f  th e  ages used in  
t h i s  s tu d y , some embryos o f  each l i t t e r  w ere s e t  a s id e  to  c o n s tru c t  
a normal s ta g in g  s e r ie s .  Embryos to  be examined f o r  p ig m en ta tio n  
were f ix e d ,  hem isec ted , deh y d ra ted , c le a re d  in  o i l  o f w in te rg re e n , 
and th e  in d iv id u a l  m uscles d is s e c te d  from th e  le g . Each m uscle
was i s o la te d ,  mounted on a  s l id e  in  o i l  o f w in te rg re e n , and exam­
in ed  f o r  th e  p resen ce  o f m elanocy tes. Counts were made w ith  th e  
a id  o f a g r id  o c u la r  m icrom eter. Ages used in  th e  d e s c r ip t iv e  
study  were from 16 days a f t e r  f e r t i l i z a t i o n  to  one week p o s tn a ta l ,  
two w eeks, one month, and one y e a r ( a d u l t ) .  The l a t e r a l  head o f 
th e  g astro cn em iu s, one o f the  more h e a v ily  pigm ented m uscles o f  
th e  le g , was s e c tio n e d  and l i g h t ly  s ta in e d  w ith  D e la f ie ld 's  hema­
to x y lin  in  o rd e r  to  determ ine the  ex ac t lo c a t io n  of the pigm ent 
c e l l s  w ith  re s p e c t to the  muscle f ib e r s .
In  th e  ex p erim en ta l s ta g e  o f  t h i s  s tu d y , mouse embryos used 
as donors ranged in  age from 11^ to  17 days o f  g e s ta t io n .  The de­
velopm ental age o f the  embryo was determ ined  in  the  manner d e sc rib e d  
p re v io u s ly . In  t h i s  s e r i e s ,  however, th e  fem ale mouse was an es th e ­
t iz e d  w ith  nem butal d u ring  th e  co u rse  of the o p e ra tio n s . Embryos 
then  could  be removed one a t  a  tim e and th e  donor t i s s u e  p rep ared  
fo r  g r a f t in g  w h ile  the  l i t te r m a te s  rem ained w ith in  the  u te ru s  o f  th e  
fem ale. In  th e  p re p a ra t io n  o f  th e  t i s s u e  f o r  t r a n s p la n ta t io n ,  the  
mouse embryo w ith  i t s  a t ta c h e d  membranes was t r a n s f e r r e d  to  a d ish  
o f warm, s t e r i l e  s a l i n e  s o lu t io n ,  and then  removed from i t s  mem­
b ra n e s . The le g  was detached  from th e  embryo and th e  re g io n  to  be 
g ra f te d  was i s o la te d  and p la ce d  in  an o p e ra tin g  d ish  c o n ta in in g  warm 
ch ick  am nio tic  f lu id .  This re g io n  was then  d iv id ed  in to  p ie c e s  0 .2  
mm sq u a re , and each p ie c e  g ra f te d  in to  th e  coelom o f  White Leghorn 
ch ick  embryo h o s ts .  In d iv id u a l m uscles co u ld  be d is se c te d  from 




ectoderm  was s t r ip p e d  from the  limb w h ile  s t i l l  a tta c h e d  to  th e  
embryo, and th e  limb i s o la te d  and s p l i t  in to  d o rsa l  and v e n tr a l  
h a lv e s . These p o r tio n s  were th en  d iv id ed  in to  sq u are  fragm ents 
and tra n s p la n te d  in to  th e  ch ick . At ages o f  14 days and e a r l i e r  
th e  h ind  limb i s  o f  padd le  shape , and i t s  d o rs a l  su rfa c e  c o r re s ­
ponds to  th e  fu tu re  a n te r io r  su rfa c e  o f  th e  a d u l t .  When mesodermal 
t i s s u e  a lone  was used f o r  th e  t r a n s p la n ta t io n s ,  a  few g r a f t s  con­
s i s t i n g  o f  ectoderm  and mesoderm were a lso  made, and th e se  cases  
serv ed  as c o n tro ls .  Ectoderm a lo n e  was used in  a group o f t r a n s ­
p la n ta t io n s .  U sually  more embryos were p re s e n t in  a l i t t e r  than  
cou ld  be u t i l i z e d  f o r  g r a f t in g  du rin g  one s i t t i n g .  Those rem ain­
in g  were p re se rv ed  f o r  h i s to lo g ic a l  s tu d y .
I t  may be n o ted  th a t  th e  ectoderm  can be s t r ip p e d  o f f  th e  
le g  a t  e a r ly  ages w ith o u t g re a t  d is tu rb a n c e  to  th e  u n d e rly in g  
p ro sp e c tiv e  derm is. C e r ta in ly  a few mesodermal c e l l s  adhere to  th e  
removed ectoderm , b u t th e se  c e l l s  a re  a l l  s u p e r f i c i a l ,  ly in g  immedi­
a te ly  su b jac e n t to  th e  ectoderm .
F e r t i l e  White Leghorn eg g s, o b ta in e d  from th e  LSU p o u ltry  
farm , were in cu b ated  a t  38° C f o r  60-65 hours to  g iv e  embryo h o s ts  
o f H. and H. s ta g e  17. The egg, a f t e r  can d lin g  to  determ ine th e  
ex ac t lo c a t io n  o f th e  embryo, was p laced  on a c o tto n  pad in  a Syra­
cuse w a tch g lass  to  f a c i l i t a t e  h an d lin g . A re c ta n g u la r  p ie ce  o f  s h e l l  
one c e n tim e te r  square  was sawed d i r e c t ly  over th e  embryo and removed. 
The exposed s h e l l  membrane was then  m oistened  w ith  s a l i n e ,  and th e
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a i r  space pu n c tu red  to  low er th e  embryo. The s h e l l  membrane was 
c a r e f u l ly  removed thus exposing  th e  embryo. In  most c ases  th e  
amnion had n o t formed o v er th e  p o s te r io r  p o r t io n  o f  th e  embryo, 
and d id  no t have to  be d is tu rb e d . A sm all s l i t  was made on th e  
s id e  o f th e  embryo th rough  th e  som atopleure im m ediately  a n te r io r  to  
th e  limb bud, and t h i s  in c is io n  se rv ed  as an e n tra n c e  to  th e  coelom. 
The donor t i s s u e  was t r a n s f e r r e d  to  th e  o p e ra ted  a re a , in s e r te d  in to  
th e  coelom , and g e n tly  pushed s l i g h t l y  p o s te r io r ly  away from th e  
s l i t  in  th e  body w a ll .  The o r ig in a l  p ie c e  o f s h e l l  was re tu rn e d  to  
th e  window o f th e  egg, s e a le d  w ith  p a r a f f in ,  and th e  egg re tu rn e d  
to  th e  in c u b a to r . G en era lly  g r a f t s  w ere reco v ered  a f t e r  12 days o f 
in c u b a tio n , when t h e i r  age corresponded  to  th a t  o f  a 5 -day mouse, a 
tim e when p ig m en ta tio n  i s  w e ll e s ta b l is h e d  in  th e  m uscu la tu re  o f 
th e  h ind  lim b. For recovery  o f th e  g r a f t s ,  h o s ts  were f ix e d  in  5% 
fo rm o l-s a l in e , hem isec ted , d eh y d ra ted , and c le a re d  in  o i l  o f w in te r-  
g reen . Exam ination o f th e  coelom o f th e  h o s t u s u a lly  re v e a le d  the  
g r a f t  a tta c h e d  to  th e  p a r i e t a l  w a l l ,  and only  seldom to  th e  mesen­
t e r i e s .  A ll g r a f t s  were examined in  s i t u  f o r  v i s ib l e  pigm ent c e l l s ,  
and some were s e le c te d  fo r  s ta in in g  and h i s to lo g ic a l  exam ination .
H om oplastic and a u to p la s t ic  sk in  t r a n s p la n ta t io n s  between new­
b o rn , and f e t a l  and newborn PET mice were a lso  u n d ertaken  in  th i s  
s tu d y . In o rd e r  to  t e s t  th e  e f f e c t  o f  env ironm enta l in f lu e n c e s  on 
m elanocyte e x p re ss io n , exchanges were made between p o s te r io r  leg  
sk in  and b e l ly  sk in . In  th e  case  o f a u to p la s t ic  exchanges, newborn 
mice were a n e s th e tiz e d  by c h i l l in g  them in  crushed  ic e  f o r  a  few
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m in u tes , and th en  2 .0  mm sq u ares  o f  sk in  were removed from th e  pos­
t e r i o r  su rfa c e  o f  th e  le g , and from  th e  b e l ly ,  and exchanged. The 
g r a f t s  were h e ld  in  p la ce  by covering  th e  a re a  w ith  a p ie c e  o f 
d ia ly s i s  ce llo p h an e  m o istened  w ith  s a l in e  and c u t s l i g h t l y  la rg e r  
th an  th e  o p e ra ted  a re a . The e n t i r e  re g io n  was covered  w ith  a 
sm all p ie c e  o f th in  ad h esiv e  ta p e , which was a llow ed  to  rem ain 
about 24 hours u n t i l  th e  g r a f t  was h ea led . A s im ila r  p rocedure  
was fo llow ed  in  th e  hom oplastic  t r a n s p la n ta t io n s ,  a lth o u g h  in  t h i s  
s e r i e s  f e t a l  m ice o f 16 days age were used as donors. Host anim als 
w ere newborn m ice, and th e  re g io n s  used in  th e  o p e ra tio n s  were th e  
same as in  th e  a u to p la s t ic  s e r i e s .  G ra fts  were p e rm itte d  to  grow 
5 to  6 w eeks,and then  were reco v ered  by shav ing  th e  o p e ra ted  leg  
and b e l ly  sk in , removing th e  re g io n  to  be s tu d ie d ,  and f ix in g  in  
5% fo rm o l-s a lin e . G ra fts  were examined in  to to  f o r  m elanocytes 
a f t e r  c le a r in g  in  o i l  o f  w in te rg re e n , and some were s tu d ie d  h i s to ­
lo g ic a l ly .
I I I .  NORMAL STAGES IN THE DEVELOPMENT OF 
PET MOUSE EMBRYOS
Since th e  p re s e n t  s tudy  i s  dependent on a r e l a t i v e ly  a c c u ra te  
s ta g in g  o f  th e  donor embryos, and in  view  o f th e  d e a r th  o f  in form a­
t io n  a v a i la b le  on th e  normal s ta g e s  o f  th e  l a t e r  developm ent o f  th e  
mouse embryo, a s tudy  was made o f  th e  d is t in g u is h in g  c h a r a c te r i s t i c s  
o f  PET embryos a t  e s ta b l is h e d  ages. Rawles ( '4 7 )  in  h e r  work on the  
n e u ra l c r e s t  o f th e  mouse r e l i e d  la rg e ly  on som ite counts to  s ta g e  
embryos between 8 and 11 days o f  age. A f te r  11 days, however, so ­
m ite  counts a re  im p o ssib le  and o th e r  c r i t e r i a  must be used as an 
index o f  developm ental age. A lthough Rawles m entioned th a t  f e a tu re s  
such as crown-rump le n g th , and th e  developm ent o f th e  limbs were o f 
v a lu e  in  s ta g in g  embryos, she d id  no t p u b lish  th e  d e t a i l s  o f  the  
sequence. G runeberg 's  ( '4 3 )  re p o r t  on hy b rid  mice i s  th e  only  de­
s c r ip t io n  o f th e  normal s ta g e s  in  th e  developm ent o f  mouse embryos 
du ring  th e  l a t t e r  h a l f  o f embryonic l i f e .  For th e  purpose o f quick  
i d e n t i f i c a t i o n  o f th e  age o f PET embryos under the  o p e ra tiv e  co n d i­
t io n s  o f  t h i s  s tu d y , o th e r  c r i t e r i a  were found o f more a s s is ta n c e  
in  s ta g in g  than  th o se  l i s t e d  by G runeberg. A b r i e f  d e s c r ip t io n  o f  
th e se  fe a tu re s  i s  th e re fo re  in c lu d ed  in  th i s  r e p o r t .
M atings were tim ed as fo llo w s: a  male was p laced  w ith  a f e ­
male in  e s t r u s  in  th e  even ing , and removed th e  fo llo w in g  m orning,
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a t  w hich tim e th e  fem ale was examined f o r  a v a g in a l p lug . The tim e 
o f g e s ta t io n  was counted  from when th e  male was removed from th e  
cage. Since m ating occu rs  most f re q u e n tly  du ring  th e  f i r s t  h a l f  o f 
th e  n ig h t (S n e l l ,  F e tek e , Hummel and Law, '4 0 ) ,  i t  was assumed th a t  
th e  tim ing  o f  l i t t e r s  averaged about 8 hours younger th an  th e i r  
a c tu a l  age.
Crown-rump le n g th  was a le s s  r e l i a b l e  index o f  developm ent 
than  many o th e r  s ta g in g  f e a tu r e s ,  due m ainly to  th e  m an ip u la tio n  o f 
th e  embryos when they  were removed from th e  u te ru s  in  e a r ly  p e rio d s  
(up to  13 d a y s ) , and to  c o n tra c t io n  and s t r e tc h in g  when p laced  in  
f ix a t iv e  a t  l a t e r  s ta g e s . During th e  11 th , 12th  and 13th days the
degree o f p ig m en ta tio n  o f th e  eye was an obvious f e a tu re  o f  th e
developing  embryo. The c lo su re  o f  th e  e y e l id  was a v a lu ab le  index 
o f age during  the  1 4 th , 15th  and 16th days, and th e  development o f 
w h iskers  and h a i r  was used in  s ta g in g  du ring  the  l a s t  few days o f
p re n a ta l  l i f e .  The degree o f developm ent o f  th e  limbs was a d iag ­
n o s t ic  f e a tu re  from day 9 to  th e  17th day o f  g e s ta t io n ,  and was
one o f th e  most im p o rtan t indexes o f age.
The fo llo w in g  d e s c r ip t io n  i s  designed  as a co n cise  summary 
o f changes o f  fe a tu re s  o f  v a lue  in  s ta g in g  PET mouse embryos from 
th e  10th to  th e  17th  day o f g e s ta t io n .
10% days: Crown-rump le n g th  3 .4  to  4 .5  mm
P igm enta tion  la ck in g  in  th e  eye 
A n te r io r  limb bud s e m ic irc u la r  in  o u t l in e
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11% days: Crown-rump len g th  5.0 to 5 .4  mm
P ig m en ta tio n  reach in g  e q u a to r o f  eye 
A n te r io r  f o o tp la te  c i r c u la r  in o u t l in e  
12% days: Crown-rump len g th  7.0 to 8 .4  mm
P ig m en ta tio n  reach in g  ch o ro id  f i s s u r e  o f eye 
A n te r io r  f o o tp la te  c le a r ly  in d e n te d  
13% days: Crown-rump len g th  8.0 to 9 .6  mm
F in g ers  on f r o n t  le g s  s e p a ra tin g  d i s t a l l y
Lower e y e l id  covering  a sm a ll p o r tio n  o f  eye 
14% days: Crown-rump len g th  10 .5  to  11.5 mm
F in g e rs  on f r o n t  le g s  s e p a ra te  d i s t a l l y ,
s l i g h t  webbing p ro x im ally  
Lower e y e l id  approaching  e q u a to r  o f e y e b a ll 
15% days: Crown-rump len g th  13 .5  to  14.5 mm
S l i t  rem aining of th e  opening i n  e y e l id  
F in g ers  s e p a ra te  and pha langes b e g in  to  show 
16% days: Crown-rump le n g th  15 .4  to  16.7 mm
W hiskers f i r s t  p ro tru d in g  from th e  f o l l i c l e s  
E y e lid s  com pletely fused
IV. DISTRIBUTION OF MELANOCYTES WITHIN 
THE LEG OF PET MICE
P r io r  to  th e  e s ta b lish m e n t o f th e  PET s t r a i n ,  m elanocytes 
had been observed  to  occu r c o n s is te n t ly  on ly  in  th e  h a i r  f o l l i c l e s  
o f pigm ented m ice , and in  the  o th e r  l im ite d  a re a s  p re v io u s ly  n o ted .
In  an e a r l i e r  d e s c r ip t io n  o f th e  m elanocytes in  PET/MCV m ice,
N ichols and Reams ( '6 0 )  re p o rte d  m elanocytes o c cu rrin g  in  th e  gen­
e r a l  body sk in  o f t h i s  s t r a i n ,  a lth o u g h  th e  ex ac t lo c a t io n  of th e se  
c e l l s  was n o t g iv en . In  t h i s  s e c t io n ,  a more d e ta i le d  d e s c r ip t io n  
o f  th e  o ccu rrence  o f m elanocytes w ith in  th e  s k in , as w e ll as in  th e  
m u scu la tu re , o f th e  leg  o f PET mice w i l l  be co n sid e red .
Skin
In th e  p re se n t s tu d y , leg  sk in  o f  5-day p o s tn a ta l  and of 
a d u lt  PET/LSU m ice was examined fo r  th e  p re sen ce  o f m elanocytes be­
tween the  h a i r  f o l l i c l e s .  Skin from th e  a n te r io r  and p o s te r io r  
h a lv es  o f th e  leg  was removed in  two la rg e  s h e e ts ,  f ix e d  in  5% form ol- 
s a l i n e ,  d ehydra ted , and c le a re d  in  o i l  o f w in te rg re e n . Skin from th e  
a n te r io r  su rfa c e  o f th e  leg  was devoid  o f pigm ent c e l l s  between the  
h a i r  f o l l i c l e s ,  b u t as th e  p o s te r io r  a sp e c t was approached, melano­
cy te s  appeared  and became more numerous. Skin from th e  extrem e pos­
t e r i o r  su rfa c e  p o ssessed  an average m elanocyte p o p u la tio n  o f 50 to  
70 c e l l s  p e r  square  m il l im e te r ,  and th e  p o p u la tio n  in c re a se d  toward
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th e  a n k le . S ec tio n s  o f p o s te r io r  leg  sk in  re v e a le d  m elanocytes 
to  be e x c lu s iv e ly  derm al in  p o s i t io n ,  and none was seen  approach­
ing  th e  derm al-ep iderm al ju n c tio n . A dult le g  sk in  r e ta in e d  th e  
d i s t r i b u t io n  and number o f  m elanocytes as seen  in  th e  5 -day mouse.
M usculature
The fo llo w in g  i s  a b r i e f  d e s c r ip t io n  o f  th e  m uscles con­
s i s t e n t l y  pigm ented in  th e  leg  o f PET m ice.
G astrocnem ius
The l a t e r a l  head o f  th e  g astrocnem ius re g u la r ly  co n ta in ed  th e  
l a r g e s t  p o p u la tio n  o f m elanocytes o f  a l l  th e  leg  m uscles (F ig . 3 ).
In  th e  a d u lt  th e  number o f  m elanocytes reached l,200i, and they  were 
d i s t r ib u te d  un ifo rm ly  th roughou t th e  m uscle. H is to lo g ic a l  examina­
t io n  o f  s e c t io n s  o f  th i s  m uscle re v e a le d  th a t  m elanocytes c o n tr ib u te d  
to  th e  perim ysium  and endomysium, and would have been in d is t in g u is h ­
ab le  from th e  c e l l s  o f th e se  co n n ec tiv e  t i s s u e s  had i t  n o t been fo r  
th e  p resen ce  o f m elanin  g ra n u le s  w ith in  t h e i r  cytoplasm . G en era lly  
sp eak in g , c y to c r in e  a c t i v i t y  was n o t in  ev id en ce , a lth o u g h  in  some 
cases  m elan in  g ra n u le s  were seen  o u ts id e  th e  pigm ent c e l l s .  The 
m edial head o f  th e  gastrocnem ius had i t s  m elanocytes r e s t r i c t e d  to  
th e  d i s t a l  h a l f  o f  th e  m uscle, and t h e i r  number reached  only  o n e -h a lf  
to  o n e - th ird  th a t  o f  the  l a t e r a l  head (400 to  600).
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P la n ta r i s
This m uscle was r a th e r  m odera tely  pigm ented, w ith  m elanocytes 
lo c a te d  g e n e ra l ly  in  the  d i s t a l  tw o - th ird s . The number o f  m elano­
c y te s  reached  100 in  h e a v ily  pigm ented ca se s .
Soleus
M elanocytes in  t h i s  deep m uscle w ere r e s t r i c t e d  to  th e  d i s t a l  
h a l f ,  and in  no case  were pigm ent c e l l s  found in  th e  proxim al re g io n . 
T h e ir number reached  90 in  th e  e n t i r e  m uscle.
P eronea l Group
Per u n i t  a re a , th e se  fo u r  sm all m uscles were th e  most densely  
pigm ented o f a l l  th e  m uscles o f th e  le g , and t o t a l  m elanocyte num­
b e r  a t ta in e d  500. The a n te r io r  edge o f  t h i s  group was le s s  p ig ­
mented than  the  p o s te r io r  edge, bu t th e re  was no d if f e r e n c e  no ted  
in  d i s t r ib u t io n  a long the  p ro x im a l-d is ta l  a x is .
The rem aining m uscles o f  th e  leg  r a r e ly  p o sse ssed  pigment 
c e l l s  w ith  th e  ex cep tio n  o f th e  e x te n so r  d ig ito ru m  longus. In some 
cases  a sm all number (up to  20) o f m elanocytes was observed  in  t h i s  
m uscle, b u t they  seldom were found in  th e  la rg e  t i b i a l i s  a n tic u s  on 
th e  a n te r io r  su rfa c e  o f th e  le g . In  g e n e ra l th e  p o s te r o la t e r a l  
m uscles were more h e av ily  pigm ented th an  th e  p o s te ro m ed ia l ones, 
and th e  deeper m uscles were seldom pigm ented ex cep t in  th e  more 
d i s t a l  re g io n s . A ll observed  m elanocytes in  th e  m uscu la tu re  were 
r i c h  in  m elanin  and, excep t f o r  lo c a t io n ,  could  n o t be d is t in g u is h e d  
in  morphology n o r in  g ran u le  shape from th ose  which o ccu rred  in  th e
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sk in  (F ig s . 4 and 5 ) . Pigment c e l l s  in  th e  m u scu la tu re  p o ssessed  
branches th a t  were u s u a lly  o r ie n te d  lo n g i tu d in a l ly  p a r a l l e l  to  th e  
m uscle f ib e r s ,  b u t n o t in f re q u e n tly  ex tended  a c ro ss  a number o f 
f ib e r s .  In th e se  in s ta n c e s  m elanocytes seemed to  be sending p ro ­
cesses  along th e  c a p i l l a r i e s  w hich coursed  tra n s v e r s e ly  th rough  
th e  m uscle (F ig . 6 ). T reatm ent o f  e n t i r e  m uscles w ith  DOPA d id  
n o t in c re a se  th e  number o f  c e l l s  c o n ta in in g  dark  g ra n u le s . The 
average t o t a l  number o f  m elanocytes in  th e  m u scu la tu re  o f th e  leg  
o f a d u lt  PET mouse was 2 ,100 . A ll th e  observed  c e l l s  p o ssessed  
two to  fo u r  p ro c e sse s , and th e  t o t a l  le n g th  o f th e  c e l l s  averaged  
200 .
F igu re  1 shows th e  r a t e  o f  in c re a s e  o f  th e  m elanocyte popu­
la t io n  in  th e  m u scu la tu re  o f th e  leg  from 17 days o f g e s ta t io n  to  
th e  a d u l t .  Pigment c e l l s  f i r s t  produced m elanin  in  th e  m uscles a t  
d ay -17. From g e s ta t io n  day-20 to  th e  5 th  p o s tn a ta l  day th e  number 
o f m elanocytes in c re a se d  ra p id ly  and by th e  end o f th e  f i r s t  week 
th e  a d u lt  complement was e s s e n t i a l ly  reached . As th e  volume o f th e  
m uscu la tu re  in c re a se d  w ith  grow th, th e  m elanocyte p o p u la tio n  d e n s ity  
was th e re fo re  n o t m a in ta in ed , inasmuch as th e  t o t a l  pigm ent c e l l  
c o n ten t rem ained c o n s ta n t, o r  showed only  s l i g h t  in c re a s e .
In summary, pigm ented m uscles a re  found in  th e  p o s te r io r  and 
p o s te r o la te r a l  a re a s  o f th e  le g , and th e  sk in  o v e rly in g  th e se  a re a s  
c o n ta in s  m elanocytes between th e  h a i r  f o l l i c l e s .  The d i s t r ib u t io n  
o f m elanocytes in  th e  sk in  and th e  m u scu la tu re  thus fo llo w s s im ila r  
c o r r e la t io n s .  The q u e s tio n  a r i s e s  w hether m e lan o b las ts  a re  p re s e n t
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F ig u re  1
In c re a se  in  th e  t o t a l  m elanocyte p o p u la tio n  in  th e  leg  m uscles 
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un ifo rm ly  th roughou t th e  sk in  and m u scu la tu re  o f th e  le g ,  and on ly  
d i f f e r e n t i a t e  in  c e r ta in  a re a s  such as th e  p o s te r io r  re g io n , o r  
w hether t h i s  p a t te r n  i s  due to  a d i f f e r e n t i a l  m ig ra tio n  o f  m elano- 
b la s t s  in to  th e  a re a . These p o s s i b i l i t i e s  w i l l  be co n sid e red  in  
subsequent s e c t io n s .
V. MIGRATION OF PIGMENT CELLS INTO THE LEG MUSCULATURE
Since th e  n e u ra l c r e s t  i s  th e  e x c lu s iv e  source  o f m ig ra to ry  
pigm ent c e l l s  in  a l l  v e r te b r a te s  s tu d ie d  to  d a te , one may ask w hether 
th e  pigm ent c e l l s  w ith in  th e  m u scu la tu re  o f mice a lso  have t h e i r  o r i ­
g in  from th e  n e u ra l c r e s t ,  and, i f  so , th e  manner by which they  reach  
the  i n t e r i o r  o f  th e  le g . To th i s  end, th e  p igm ent-form ing c a p a c ity  
o f mouse t i s s u e  from v a rio u s  p a r ts  o f th e  leg  was te s te d  by g r a f t in g  
i t  in to  th e  coelom o f White Leghorn h o s t embryos.
Mesodermal G ra fts
In t h i s  s e r ie s  donor embryos ranged from 11% to  17 days o f age. 
D orsal and v e n tr a l  s u rfa c e s  o f th e  limb r e f e r  back to  the  embryonic 
p o s i t io n  during  th e  paddle  s ta g e  o f developm ent. In d iv id u a l m uscles 
were d is s e c te d  from embryos 15 days and o ld e r . One hundred and 
th i r t e e n  g r a f t s  o u t o f 170 o p e ra tio n s  were recovered  from th i s  s e r i e s .  
A g r a f t  was ru le d  p o s i t iv e  when ty p ic a l  mouse m elanocytes were ob­
served  w ith in  th e  g r a f t  o r  in  t h e  su rround ing  t i s s u e  o f the  h o s t.
In  most cases  o f t h i s  type m elanocytes were seen to  p o p u la te  a la rg e  
a re a  o f th e  ch ick  coelom as w e ll as th e  g r a f t ,  and were them selves 
o f  v a lu e  in  d e term in ing  th e  lo c a t io n  o f  th e  g r a f t .  G ra fts  lack in g  
m elanocytes were lo c a te d  by the  p resen ce  o f bone, m uscles, o r  by th e  
unusual v a sc u la r  supply  to  th e  a re a , and cases were co n sid e red  nega­
t iv e  only  i f  an u n q u estio n ab le  g r a f t  was found and m elanocytes were 
la ck in g .
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The e a r l i e s t  embryos te s te d  f o r  m e lan o b las ts  in  th e  mesoderm 
were 11% days o ld , and g r a f t s  reco v ered  from t h i s  group were devoid 
o f  m elanocytes in  a l l  c a se s . Large masses o f m uscle a tta c h e d  to  
w e ll formed bone s t r u c tu r e s  were found occupying a c o n s id e ra b le  a re a  
in  th e  ch ick  coelom. A c o n tro l o f mesoderm w ith  ectoderm  was a lso  
n e g a tiv e  a t  t h i s  age. By 12% days th e  c o n tro l was showing numerous 
m elanocy tes , w h ile  g r a f t s  o f bo th  d o rsa l and v e n tr a l  mesoderm were 
unpigm ented (F ig . 7 ). M elanoblast m ig ra tio n  had no t y e t  reached  the  
mesoderm. I t  was on ly  du rin g  the  15th  day th a t  c o n s is te n t ly  p o s i t iv e  
g r a f t s  were o b ta in e d  from th e  v e n tr a l  mesoderm of th e  le g , a f u l l  two 
days a f t e r  th e  c o n tro l g r a f t s  o f mesoderm w ith  ectoderm  were y ie ld in g  
p o s i t iv e  r e s u l t s .  Thus i t  appears th a t  du ring  th e  l a t t e r  p a r t  o f th e  
14 th  day o f developm ent m e lan o b las ts  a re  m ig ra tin g  in to  th e  mesoderm 
from the  derm al-ep iderm al in te r f a c e ,  where they  had a r r iv e d  some two 
days p re v io u s ly . At no tim e were pigm ented g r a f t s  re g u la r ly  o b ta in ed  
from d o rsa l mesoderm, a lth o u g h  a few p o s i t iv e  cases were observed  a t  
th e  end o f 14 days o f  developm ent. I t  i s  l ik e ly  th a t  in  th e se  in ­
s ta n c e s  th e  d o rsa l g r a f t s  in c lu d ed  some t i s s u e  th a t  norm ally  would 
c o n tr ib u te  to  th e  p e ro n ea l group, and th u s  would be pigm ented. The 
p r o l i f e r a t i v e  and m ig ra to ry  c a p a c ity  o f pigm ent c e l l s  from the  g a s­
trocnem ius m uscle as l a t e  as day 17 was shown by th e  degree o f  p ig ­
m en ta tio n  o f th e  coelom o b ta in e d  from 0 .2  mm p ie ce s  o f  th a t  t i s s u e  
(F ig . 8 ) . In  no case  was a p o s i t iv e  g r a f t  recovered  from g r a f t in g  
p o r tio n s  o f  t i b i a l i s  m uscle , a lth o u g h  22 examples o f t h i s  type  were 
o b ta in ed  f o r  exam ination .
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Ectoderm al G ra fts
The p re v io u s  group o f experim en ts shows th a t  th e  m elanocytes 
found in  la rg e  numbers a s s o c ia te d  w ith  th e  co n n ec tiv e  t i s s u e  o f  the  
leg  m u scu la tu re  a r i s e  from m ig ra to ry  m e lan o b las ts  which o r ig in a te  
from o u ts id e  th e  h ind  limb i t s e l f .  F u rtherm ore , th e  ev idence  in d i ­
c a te s  th a t  th e se  m e lan o b las ts  m ig ra te  a long th e  b o rd e r between th e  
ectoderm  and p ro s p e c tiv e  derm is, and e n te r  th e  deeper t i s s u e s  o f 
th e  leg  a t  l a t e r  p e r io d s  o f em bryonic developm ent. I t  i s  th e  p u r­
pose o f  t h i s  group o f experim ents to  in v e s t ig a te  more e x a c tly  th e  
tim e sequence o f appearance o f  m e lan o b las ts  along th e  d e rm a l-e p i­
derm al ju n c tio n  on bo th  the  d o rs a l  and v e n tr a l  su rfa c e s  o f  th e  le g . 
N in e ty - th re e  g r a f t s  o u t o f 136 o p e ra tio n s  were recovered  from t i s ­
sue o f donor embryos aged 11% to  13% days. Ectoderm w ith  th e  ad­
h e rin g  mesodermal c e l l s  was s t r ip p e d  from th e  su rfa c e  o f th e  le g , 
d iv id ed  in to  0 .2  mm sq u a re s , and g ra f te d  in to  th e  coelom o f White 
Leghorn embryos. G ra fts  o f  11% day embryos produced sk in  th a t  was 
devoid o f pigm ent c e l l s .  In a l l  c ases  th e  sk in  formed a sp h e ro id a l 
s t r u c tu r e  th a t  was e a s i ly  id e n t i f i e d  a tta c h e d  to  th e  coelom ic w a ll. 
In  a few in s ta n c e s  h a i r  was seen  growing toward th e  c e n te r  o f th e  
g r a f t ,  bu t g e n e ra l ly  th e  g r a f t s  were n o t p e rm itte d  to  grow a s u f f i ­
c ie n t  le n g th  o f tim e f o r  w e ll developed h a i r  to  form. By th e  end 
o f  th e  12th day, g r a f t s  from th e  d o rs a l  su rfa c e  o f the  leg  were 
c o n s is te n t ly  showing th e  p resen ce  of m e lan o b las ts  in  th e  16 cases 
examined (F ig . 9 ) . However, g r a f t s  from v e n tr a l  sk in  w ere n e g a tiv e  
a t  t h i s  age (F ig . 1 0 ), in d ic a t in g  th a t  m e lan o b las ts  had n o t y e t
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a r r iv e d  in  t h i s  re g io n . By 13 days o f age g r a f t s  from b o th  th e  dor­
s a l  and v e n tr a l  su r fa c e  o f  th e  leg  c o n s is te n t ly  y ie ld e d  pigm ent
c e l l s  in  la rg e  numbers. I t  i s  notew orthy th a t  e x te n s iv e  m ig ra tio n  
o f  m e lan o b las ts  from th e  g r a f t  to  th e  peritoneum  o f th e  h o s t oc­
c u rre d  i n t h i s  group o f  experim ents as w e ll as in  th e  p rev io u s
s e r i e s .  The r e s u l t s  o f b o th  groups o f g r a f t in g  experim ents a re  sum­
m arized  in  Table I .
I t  i s  now p o s s ib le  to  t r a c e  th e  m ig ra tio n  o f th e se  pigm ent 
c e l l s  from t h e i r  o r ig in  in  th e  n e u ra l c r e s t  to  t h e i r  d e f in i t iv e  lo ­
c a tio n  w ith in  th e  leg  m u scu la tu re . From th e  n e u ra l c r e s t  a wave o f 
p r o l i f e r a t i n g  m e lan o b las ts  sp read s  in  a m e d io - la te ra l  d i r e c t io n  and 
reach es  th e  develop ing  limb when th e  embryo i s  11% to  12 days o f  age. 
W ithin th e  limb th e  m e lan o b las ts  fo llo w  the  in n e r  su rfa c e  o f  th e  
ectoderm  as they  p o p u la te  f i r s t  th e  d o rsa l  su rfa c e  o f th e  le g , and 
l a t e r  sp read  to  th e  v e n tr a l  s u r fa c e . M elanob lasts  a re  d i s t r ib u te d  
un ifo rm ly  over th e  e n t i r e  su rfa c e  o f th e  leg  by 13 days, b u t i t  i s  
n o t u n t i l  th e  embryo a t t a in s  an age of 14% to  15 days th a t  m elano­
b la s t s  a re  found w ith in  th e  mesoderm of th e  v e n tr a l  s u r fa c e . At 
th i s  tim e the  d e f in i t iv e  a d u lt  p igm entary p a t te r n  i s  e s ta b l is h e d .
This m ig ra to ry  sequence i s  i l l u s t r a t e d  in  F ig u re  2. In  A, embryonic 
leg  sk in  i s  re p re se n te d  as a sh e e t th a t  has been cu t a long  th e  mid- 
v e n tr a l  l in e  o f th e  le g , and sp read  o u t f l a t .  The arrow s in d ic a te  
m elan o b las t m ig ra tio n . In  B, a c ro ss  s e c t io n  o f th e  leg  i s  shown 
i l l u s t r a t i n g  th e  m ig ra tio n  o f m e lan o b las ts  c i r c u m fe re n t ia l ly  to  the  
v e n tr a l  s u r fa c e , and then  in to  th e  mesoderm.
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Table 1. P ro d u ctio n  o f m elanocytes by g r a f t s  o f  PET mouse 
embryo t i s s u e  In  th e  coelom o f h o s t ch ick  embryos
Mesodermal G ra fts Ectoderm al G ra fts




V en tra l D orsal V en tra l
+ +
U*! 9 9 9 9
12 9 7 7 6
12% 3 4 6 3 9
13 9 10
13% 5 4 8 11
14 2 7 i 7
14% 5 6
15




* G ra fts  o b ta in e d  from t ra n s p la n t in g  p ie c e s  o f t i b i a l i s  m uscle.
** G ra f ts  o b ta in e d  from t r a n s p la n t in g  p ie c e s  o f gastrocnem ius m uscle.
F igure 2
Scheme d e p ic tin g  th e  m ig ra to ry  sequence o f  m e lan o b las ts  in to  
th e  le g . See te x t  f o r  e x p la n a tio n .
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VI. FACTORS RESPONSIBLE FOR THE PRESENCE OF 
MELANOCYTES IN THE MUSCULATURE
From th e  fo reg o in g  r e s u l t s  I t  appears th a t  m e lan o b las ts  o f 
n e u ra l c r e s t  o r ig in  m ig ra te  in to  th e  m u scu la tu re  o f  PET m ice, 
where they  d i f f e r e n t i a t e  in to  m elanocy tes . In  t h i s  s e c t io n  an 
exam ination  o f  th e  m u scu la tu re  o f  o th e r  mouse s t r a i n s ,  and sk in  
g r a f t in g  experim ents were made in  an a ttem p t to  an a ly se  th e  fa c ­
to r s  invo lved  in  th e  o ccu rren ce  o f pigm ent c e l l s  w ith in  t h i s  e x tra -  
ep iderm al lo c a t io n .
Com parative Study
I t  i s  p o s s ib le  th a t  PET mice d i f f e r  from o th e r  s t r a in s  by 
p o sse ss in g  w ith in  th e  m uscu la tu re  a m elanogenic s tim u lu s  n ecessa ry  
fo r  th e  s y n th e s is  o f m elan in . The t i s s u e  environm ent th e re fo re  
would be th e  prim ary f a c to r  invo lved  in  th e  appearance o f melano­
c y te s  in  t h i s  e x tra -e p id e rm a l lo c a t io n ,  and n o t th e  p resen ce  o r  ab­
sence o f pigm ent c e l l s  them selves. On th e  o th e r  hand, i f  PET mice 
d i f f e r  from o th e r  s t r a in s  on ly  in  th e  number o f pigment c e l l s ,  
c lo se  exam ination  may re v e a l v a ry in g  degrees o f  p ig m en ta tion  w ith in  
th e  leg  m u scu la tu re  in  a l l  pigm ented m ice. To t e s t  th e se  p o s s ib i l ­
i t i e s ,  m ice o f  v a r io u s  s t r a in s  were o b ta in e d  f o r  s tudy  from th e  
Texas Inbred  Mice Company, H ouston, Texas, and from th e  Roscoe B.
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Jackson Memorial L ab o ra to ry , Bar H arbor, Maine. A ll specim ens 
examined w ere 5 days o f age. In  a d d i t io n ,  a d u lts  o f  th e  C57BL 
s t r a i n  were s tu d ie d  a ls o .  Mice w ere p rep a red  f o r  exam ination  as 
d e sc rib e d  in  a  p rev io u s  s e c t io n .  A ll th e  pigm ented mice examined 
w ere found to  p o sse ss  m elanocytes w ith in  th e  m u scu la tu re  o f  th e  
le g  (T able I I )  in  th e  same p a t te r n  as  th a t  found in  th e  PET s t r a i n ,  
a lth o u g h  th e  so leu s  m uscle v a r ie d  in  some forms w ith  re g a rd  to  th e  
p resen ce  o f pigm ent c e l l s .  In  C57BL m ice, fo r  exam ple, m uscles 
always p o sse ss in g  m elanocytes w ere th e  gastro cn em iu s, p l a n t a r i s ,  
so leu s  and p e ro n ea l group. The number o f  m elanocytes w ith in  th e  
h ind  limb m uscles was e s s e n t i a l ly  m ain ta in ed  in  th e  a d u lt ,  as an 
exam ination  o f C57BL mice re v e a le d . The degree of p ig m en ta tio n  
w ith in  th e  m u scu la tu re  v a r ie d  among th e  d i f f e r e n t  s t r a in s  s tu d ie d ,  
b u t nev er reached th e  e x te n t found in  th e  PET mouse. These e x tra -  
ep iderm al m elanocytes in  a l l  th e  pigm ented mice re p re se n te d  r a th e r  
conspicuous elem ents in  c le a re d  whole mount p re p a ra t io n s  o f  th e  i n ­
d iv id u a l m uscles (F ig . 11). The form and c o lo r  of g ra n u le , and 
th e  morphology o f th e  m elanocytes w ith in  th e  m u scu la tu re  conformed 
to  th e  genotype o f th e  an im al. For exam ple, th e  leaden  genotypes 
(C57L, DBA) p o ssessed  m elanocytes o f th e  n u c le o p e ta l (e n la rg e d  
p e rik a ry o n , few b ranches) morphology (F ig . 12 ), w hereas th e  n u c leo - 
fu g a l (h ig h ly  branched) morphology was v i s ib l e  in  th e  m uscu la tu re  
o f C57BR and o th e r  s t r a in s  (F ig . 13). The m uscle environm ent ap­
p a re n tly  has no in f lu e n c e  on th e  g ra n u le  shape, c o lo r  o r  m elanocyte  
morphology.
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T able  I I .  R e la tiv e  numbers o f  m elanocytes i n  th e  le g  m uscu la tu re  
o f  mice
S t r a in Coat Color M elanocytes
PET Black -H+
C58 Black ++
DBA/1 D ilu te  Brown +
DBA/ 2 D ilu te  Brown +
C3H B lack ++
C57BL B lack -H-
C57L Lead ++
C57BR Brown ++
SWR W hite 0
A W hite 0
AKR W hite 0
BALB/c W hite 0
I t  i s  c le a r  from th e  above f a c t s  th a t  m elanocytes a re  found 
no t only  in  th e  m u scu la tu re  o f PET m ice, b u t a re  norm ally  o c cu rrin g  
components in  th e  h in d  limb m uscles o f pigm ented mice in  g e n e ra l .
I t  would seem th a t  th e  PET mouse m u scu la tu re  i s  n o t unique as was 
fo rm erly  b e lie v e d  w ith  reg a rd  to  m e lan o b las t d i f f e r e n t i a t i o n ,  and 
th a t  th e  environm ent w ith in  th e  m u scu la tu re  o f mice in  g e n e ra l i s  
capab le  o f  su p p o rtin g  m elanogenesis, shou ld  m e lan o b las ts  be p re s e n t .  
In  no case  were m elanocytes observed  w ith in  th e  m u scu la tu re  o f  a l ­
b ino m ice , a lthough  i t  i s  p o s s ib le  th a t  am elano tic  m elanocytes a re  
p re se n t b u t d i f f i c u l t  to  dem onstra te . F u r th e r  s tu d ie s  a re  n eces­
sa ry  to  c l a r i f y  t h i s  p o in t .
Skin G ra fts
I t  appears from th e  p rev io u s  o b se rv a tio n s  th a t  th e  m uscu la tu re  
o f  pigm ented mice i s  a b le  to  su p p o rt m elanogenesis. I t  rem ains a 
p o s s i b i l i t y ,  however, th a t  the  u n u su a lly  la rg e  number o f m elanocytes 
in  th e  PET m uscu la tu re  may be due to  th e  a v a i l a b i l i t y  o f  a melano- 
g en ic  sub stan ce  o r  chromogen, which may be p re s e n t to  a sm a lle r  ex­
te n t  in  th e  m u scu la tu re  o f  th e  o th e r  pigm ented s t r a i n s .  The 
d if f u s io n  o f t h i s  su b stan ce  from a h ig h e r  c o n c e n tra tio n  in  th e  
p o s te r io r  reg io n  o f th e  leg  to  th e  more a n te r io r  reg io n s  cou ld  l i k e ­
w ise account fo r  th e  observed  d i s t r ib u t io n  o f m elanocytes in  the  
m u scu la tu re  o f th e  PET s t r a i n .  Thus m e lan o b las ts  may be more w ide­
spread  e x tra -e p id e rm a lly  than  th e  appearance o f m elanocytes would
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in d ic a te .  To in v e s t ig a te  th i s  p o s s i b i l i t y ,  a s e r ie s  o f  sk in  t r a n s ­
p la n ta t io n s  was perform ed. S ince m e lan o b las ts  a re  known to  m ig ra te  
from th e  p o s te r io r  leg  sk in  in to  th e  u n d e rly in g  m u scu la tu re  where 
they  produce m elan in , i t  was co n sid e red  p o s s ib le  th a t  a s im i la r  mi­
g ra t io n  may occur in to  th e  abdominal m u scu la tu re  from a p ie c e  o f 
le g  sk in  tra n s p la n te d  to  th e  b e l ly  re g io n . Normally in  th e  PET/LSU 
s t r a i n  th e  abdominal m u scu la tu re  la ck s  m elan o cy tes , as does th e  
b e l ly  sk in  between th e  h a i r  f o l l i c l e s .  I f  m elanocytes a re  found in  
th e  abdominal m uscles as a r e s u l t  o f th e  sk in  g r a f t in g ,  th en  th i s  
a re a  i s  e s ta b l is h e d  as one su p p o rtin g  m elanogenesis. T ran sp la n ta ­
t io n s  o f  t h i s  type may a ls o  y ie ld  in fo rm a tio n  r e l a t i n g  to  th e  cause 
o f th e  re g io n a l d if f e r e n c e s  observed  in  th e  o ccu rren ce  o f m elano­
c y te s  in  th e  sk in  o f  th e  p o s te r io r  leg  and b e l ly  o f PET m ice.
Newborn m ice were used f o r  th e  exchanges in  an a u to p la s t ic  
s e r ie s  o f  g r a f t in g  experim en ts. In  t h i s  g roup , a 2 .0  mm square  o f 
b e l ly  sk in  was in te rch an g ed  w ith  a s im i la r  s iz e d  p ie ce  o f sk in  from 
th e  p o s te r io r  su rfa c e  o f th e  le g . The mice were p e rm itte d  to  grow 
fo r  6 weeks, a t  which tim e th e  g r a f t s  w ere reco v ered  f o r  s tu d y . In  
a hom oplastic  s e r i e s ,  f e t a l  mice o f 16 days age served  as donors, 
and newborn mice were r e c ip ie n t s  o f th e  g r a f t s .  F e ta l  p o s te r io r  
leg  sk in  was g ra f te d  to  th e  b e l ly  re g io n  o f one group o f h o s ts ,  and 
donor b e l ly  sk in  was g ra f te d  to  th e  p o s te r io r  su r fa c e  o f th e  le g  of 
a n o th e r group.
TW enty-five in d iv id u a ls  c o n ta in in g  a u to p la s t ic  g r a f t s  were 
recovered  fo r  s tu d y , and in  every  in s ta n c e  th e  abdominal m ascu la tu re  
rem ained f r e e  o f  m elanocy tes. The same r e s u l t  was o b ta in e d  in  th e
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hom oplastic  s e r i e s .  A c lo se  exam ination  o f th e  leg  sk in  g r a f t s  to  
the  b e l ly  re v e a le d  th e  m elanocyte c o n ten t o f  th e  g r a f t s  to  be ch arac ­
t e r i s t i c  o f  normal p o s te r io r  leg  s k in , a lth o u g h  i t  had grown in  th i s  
h e te ro to p ic  lo c a t io n  f o r  s ix  weeks. In  f a c t ,  m elanocytes were ob­
serv ed  in  c o n s id e ra b le  numbers betw een th e  h a i r  f o l l i c l e s  o f  th e  
b e l ly  sk in  su rround ing  th e  g r a f t s ,  a re g io n  where m elanocytes a re  
r a r e ly  encoun tered  norm ally  (F ig . 14 and 15). A lthough th e  p rim ary  
purpose o f t h i s  g r a f t in g  study  was n o t f u l f i l l e d ,  th e  m ig ra tio n  o f 
pigm ent c e l l s  from th e  g r a f t s  in to  th e  b e l ly  sk in  where they  ap­
peared  as m elanocytes between th e  h a i r  f o l l i c l e s  i s  s ig n i f i c a n t ,  and 
in d ic a te d  th a t  t h i s  a re a  i s  capab le  o f su p p o rtin g  m elanogenesis. The 
re c ip ro c a l  g r a f t s  o f  b e l ly  sk in  to  th e  p o s te r io r  leg  reg io n  main­
ta in e d  th e  c h a r a c te r i s t i c s  o f  normal b e l ly  s k in , a lth o u g h  com pletely  
surrounded by th e  fa v o ra b le  environm ent o f th e  normal leg  sk in . In  
th e se  cases  no m ig ra tio n  o ccu rred  from th e  leg  sk in  in to  th e  m elano­
c y te - f r e e  reg io n  o f th e  g r a f t ,  and thus th e  ju n c tio n  between th e  
g r a f t  and the  normal leg  sk in  rem ained q u i te  d i s t i n c t  (F ig . 16). The 
absence o f m ig ra tio n  o f pigm ent c e l l s  in  th i s  case  c o n tra s ts  w ith  
th e  r e s u l t s  o b ta in e d  in  th e  p rev io u s  g r a f t s  o f leg  sk in  to  th e  b e l ly ,  
and re q u ire s  some e x p la n a tio n . I t  i s  known th a t  sk in  undergoes con­
s id e ra b le  re o rg a n iz a tio n  when i t  i s  g r a f te d  to  a n o th e r re g io n , o r 
sim ply re o r ie n te d  in  i t s  normal lo c a t io n  (Raw les, '5 5 ) .  In  th e  ex­
ample o f  g ra f t in g  leg  sk in  to  th e  b e l ly ,  th e  g r a f t  undergoes r e ­
o rg a n iz a tio n  w ith  th e  r e s u l t in g  r e le a s e  o f  m e lan o b las ts  to  the
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su rround ing  a re a . In th e  re c ip ro c a l  g r a f t  o f  b e l ly  sk in  to  th e  
le g , th e  g r a f t  w hich p o sse sse s  r e l a t iv e ly  few pigm ent c e l l s  i s  r e ­
o rg a n iz ed , w h ile  th e  pigm ent c e l l  r i c h  leg  sk in  rem ains s ta b le  and 
w ith h o ld s  i t s  m e la n o b la s ts . T here fo re  no m ig ra tio n  i s  n o ted  in  
th e se  c a se s .
The r e s u l t s  p re se n te d  in  t h i s  s e c t io n  su g g est th a t  th e  p ig ­
m entary d if f e r e n c e s  which e x i s t  between th e  reg io n s  examined in  
th e  PET mouse a re  th e  r e s u l t  o f d i f f e r e n t i a l  numbers o f pigm ent 
c e l l s  p re s e n t  in  th e  a re a , and a re  n o t due to  some m elanogenic sub­
s ta n c e  o r s tim u lu s .
The m elanocyte  c o n ten t o f the  leg  m u scu la tu re  u n d e rly in g  the  
b e l ly  g r a f t s  i s  o f i n t e r e s t  in  p ro v id in g  in fo rm atio n  r e l a t in g  to  
th e  f i n a l  s ta g e s  o f m elanocyte c o lo n iz a tio n  o f th e  m uscu la tu re .
S ince th e  number o f m elanocytes in  th e  m u scu la tu re  o f  PET mice 
shows a c o n s ta n t in c re a se  up to  one week a f t e r  b i r t h ,  i t  was con­
s id e re d  p o s s ib le  th a t  t h i s  in c re a se  m ight be due to  a con tinuous 
m ig ra tio n  o f m elan o b las ts  u n t i l  th e  f i n a l  complement i s  reached .
The a l t e r n a t iv e  p o s s i b i l i t y  was th a t  the  i n i t i a l  m ig ra tio n  o f 
m elan o b las ts  in to  th i s  re g io n  su p p lie d  th rough p r o l i f e r a t i o n  the  
a d u l t  number o f pigment c e l l s  th a t  appeared . The r e s u l t s  o f  the  
g r a f t in g  s tu d ie s  in d ic a te  th a t  no m ig ra tio n  o f m e lan o b las ts  in to  
th e  m u scu la tu re  co n tin u es  a f t e r  b i r t h ,  f o r  in  a l l  th e  o p e ra ted  cases 
th e  leg  m u scu la tu re  was normal in  a l l  re s p e c ts  reg a rd in g  m elanocyte 
c o n te n t. The la rg e  in c re a se  in  m elanocyte numbers a f t e r  b i r t h  i s  no 
doubt due to  th e  p r o l i f e r a t i o n  o f  m e lan o b las ts  a lre ad y  p re s e n t w ith in  
th e  m u scu la tu re .
V II. DISCUSSION
M ig ra tio n  o f  M elanob lasts  in to  th e  Hind T.-tmh
The r e s u l t s  o f  t h i s  in v e s t ig a t io n  a re  e s s e n t i a l ly  s im i la r  to 
th o se  in  th e  s tudy  by Rawles ( '4 7 )  reg a rd in g  th e  f i r s t  appearance 
o f  m e lan o b las ts  in  th e  h ind  limb bud. However, the  p re se n t in ­
v e s t ig a t io n  d e a ls  w ith  th e  subsequen t d is p e r s a l  and f a te  o f  melano­
b la s t s  in  th e  h ind  limb sk in  and su b ja c e n t mesoderm during  l a t e r  
s ta g e s ,  and i s  thus a lo g ic a l  c o n tin u a tio n  and expansion  of h e r 
s tu d y . By g r a f t in g  ectoderm  w ith  th e  u n d e rly in g  mesoderm to  th e  
coelom o f  th e  c h ic k , Rawles was a b le  to  dem onstra te  th e  p re sen c e  o f 
p ro s p e c tiv e  pigm ent c e l l s  in  th e  d o rs a l  su rfa c e  o f th e  limb of 
C57BL mouse embryos by th e  12th  day o f  developm ent. Rawles d id  n o t 
re p o r t  on v e n tr a l  sk in  o f t h i s  age. Fox (* 4 9 ), however, made a 
com parison o f th e  d o rs a l  and v e n t r a l  su rfa c e  o f th e  wing and leg  
bud o f B arred  Plym outh Rock embryos and found th a t  th e  d o rs a l  s u r ­
fa c e  re c e iv e s  m e la n o b las ts  c o n s id e ra b ly  e a r l i e r  th an  th e  v e n t r a l  
s u r fa c e . In  th e  ch ick  limb bud th e  d o rsa l s u r fa c e  c o n ta in s  melano­
b la s t s  by som ite s ta g e  43 , w h ile  in  th e  v e n t r a l  su rfa c e  they  appear 
f i r s t  by som ite s ta g e  48. The o r ig in  o f  th e  e x tra -e p id e rm a l pigm ent 
c e l l s  in  th e  PET s t r a i n  i s  c le a r ly  from m ig ra to ry  c e l l s  having t h e i r  
o r ig in  o u ts id e  th e  h ind  lim b. On t h e i r  passage  in to  th e  m u scu la tu re ,
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m elan o b las ts  f i r s t  were found c o lo n iz in g  th e  a d ja c e n t s k in , and 
on ly  l a t e r  move in to  th e  mesoderm. Since Rawles has shown th a t  
th e se  o r i g i n a l :sk in  m e lan o b las ts  a re  o f n e u ra l c r e s t  o r ig in ,  and 
s in c e  th e  m e lan o b las ts  in  th e  m u scu la tu re  have been shown to  mi­
g ra te  from th e  s k in , one i s  com pelled to  co n s id e r th e se  e x tra -  
ep iderm al pigm ent c e l l s  to  be o f n e u ra l c r e s t  o r ig in .
A v a ilab le  ev idence in d ic a te s  th a t  th e  p ro sp e c tiv e  pigm ent 
c e l l s  on t h e i r  journey  in to  th e  leg  bud from th e  n e u ra l c r e s t  f o l ­
low th e  i n t e r i o r  su r fa c e  o f th e  ectoderm , r a th e r  th an  p a ss in g  in to  
th e  limb deep w ith in  th e  mesodermal t i s s u e .  In th e  case o f  th e  PET 
mouse th e  second ro u te  would be more d i r e c t  f o r  pigm ent c e l l s  to  
reach  t h e i r  f i n a l  lo c a t io n  w ith in  th e  m u scu la tu re . However, m elano­
b la s t s  rem ain adhering  to  th e  in n e r  su rfa c e  o f th e  sk in  ectoderm  
u n t i l  a r e l a t i v e ly  l a t e  ag e , when they  m ig ra te  in to  the  mesodermal 
t i s s u e .  Rawles ( '5 3 )  has sugg ested  th a t  th e  pigm ent c e l l  p re c u r­
so rs  m ig ra te  in to  th e  mesenchymal t i s s u e  su b jac e n t to  th e  sk in  e c to ­
derm, and seem to  be d ire c te d  in  t h e i r  movement by the  in te r f a c e  
between th e  ectoderm  and p ro s p e c tiv e  derm is. Thus removal o f th e  
ectoderm  o f th e  limb w ith  i t s  few adhering  mesodermal c e l l s  e lim in ­
a te s  th e  m e lan o b las ts  from the  lim b. In c o n tra s t  to  t h i s  view  is  
th e  c la im  by some in v e s t ig a to r s  th a t  th e  m ig ra tin g  m e lan o b las ts  a re  
f i r s t  found in  th e  mesoderm and must move th rough  th e  d i f f e r e n t i a t i n g  
derm is to  reach  th e  ep iderm is (M arkert and S i lv e r s ,  *56). Danneel 
and Cleffmann ( '5 4 )  propose th a t  the  m ig ra tin g  pigment c e l l s  a re
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p re s e n t  e a r l i e s t  in  th e  derm al-hypoderm al ju n c tio n  and m ig ra te  
l a t e r  th rough  th e  derm is in to  th e  ep id e rm is . The b a s is  f o r  t h i s  
c la im  i s  th e  f a c t  th a t  m e lan o b las ts  a re  re v e a le d  f i r s t  in  the  low er 
derm is o f th e  snou t by s i l v e r  s ta in in g  methods in  mouse embryos of 
14 - 15 days, and only  l a t e r  a re  they  d e te c te d  in  the  ep id e rm is . 
Schumann (*60) a ls o  u t i l i z e d  th e  s i l v e r  s ta in in g  method in  an e f ­
f o r t  to  a n a ly se  th e  f a c to r s  in v o lv ed  in  th e  occu rren ce  o f th e  p ig ­
ment f r e e  sp o t on the  fo reh ead  o f th e  w h ite  b la ze  s t r a i n  o f  m ice. 
S i lv e r - p o s i t iv e  c e l l s  were found in  the  sk in  o f  th e  head o f  embry­
o n ic  s p o tte d  m ice by 15 days o f ag e , w h ile  in  th e  C57BL s t r a in  
p o s i t iv e  c e l l s  were observed  in  th e  same re g io n  by 13 days. On th i s  
ev idence i t  was concluded th a t  in  the  s p o tte d  m ice the  m ig ra tio n  of 
th e  n e u ra l c r e s t  i s  delayed  by two days, and th a t  when m e lan o b las ts  
reach  th e  head re g io n , th e  sk in  i s  w e ll d i f f e r e n t i a t e d  and cannot 
be invaded . I t  must be p o in te d  o u t ,  however, th a t  the  s i l v e r  n i t r a t e  
s ta in in g  method re v e a ls  m e lan o b las ts  a t  r e l a t i v e ly  l a t e  s tag e s  in  
t h e i r  m a tu ra tio n  in to  m elan o cy tes , and th e re fo re  u n d i f f e r e n t ia te d  
pigm ent c e l l s  may go u n d e tec te d . In  th e  p re s e n t  s tudy  m e lan o b las ts  
were found to  a r r iv e  f i r s t  in  th e  d o rsa l s u r fa c e  o f the le g , whereas 
th e  i n i t i a l  appearance o f c e l l s  c o n ta in in g  m elan in  g ra n u le s  was in  
th e  v e n t r a l  s k in , and n o t u n t i l  16 days o f age. I t  thus seems th a t  
th e  e a r ly  d i f f e r e n t i a t i o n  o f  pigm ent c e l l s  in  one a re a  i s  n o t e v i ­
dence f o r  an e a r ly  m ig ra tio n  in to  th a t  a re a . The s ta in in g  methods 
a t  b e s t  d e te c t  m e lan o b las ts  a t  r e l a t i v e ly  l a t e  p e rio d s  in  t h e i r  
developm ent. To re v e a l m e lan o b las ts  a t  t h e i r  e a r ly ,  h ig h ly  m ig ra to ry
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s ta g e s , one must r e ly ,  when p o s s ib le ,  on t r a n s p la n ta t io n  s tu d ie s  
o f  th e  type  employed i n  t h i s  r e p o r t .
We can now v is u a l i z e  r a th e r  a c c u ra te ly  the  p a t te r n  of move­
ment of the  n eu ra l c r e s t  c e l l s  as they  f i r s t  e n te r  th e  h ind  limb 
bud o f PET m ice . M elan o b lasts  a re  found i n i t i a l l y  a long  the  d o rsa l 
su rfa c e  o f th e  developing  lim b, and sp re ad  d i s t a l l y  and c ircu m feren - 
t i a l l y  to  th e  v e n tr a l  s u r fa c e . This wave of p ro sp e c tiv e  m elanocytes 
covers th e  d o rs a l  su rfa c e  o f th e  limb during  the  12th day o f develop­
m ent, and one day l a t e r  they  re a c h  th e  v e n t r a l  s u r fa c e  o f th e  lim b, 
a l l  the  w h ile  rem ain ing  a t  the  in te r f a c e  between the  ectoderm  and 
mesoderm. Two days l a t e r  m e lan o b las ts  appear in  the  i n t e r i o r  t i s ­
sues of the  v e n tr a l  s id e  o f  th e  le g . M elanob lasts  nev er a re  p re se n t 
in  th e  mesoderm of the d o rsa l a sp e c t, the  i n t e r i o r  m ig ra tio n  occu r­
r in g  on ly  from v e n tr a l  sk in .
A fte r  the pigm ent c e l l s  have f i r s t  e s ta b l is h e d  c o lo n iz a tio n  
w ith in  th e  m u scu la tu re , th e  q u e s tio n  a r i s e s  a s  to  w hether th e  melano­
b la s t s  a re  capab le  o f p r o l i f e r a t i o n  w ith in  th e  m uscles o f th e  le g , 
o r  w hether t h e i r  p o p u la tio n  in c re a se  i s  due to  a continuous m ig ra ­
t io n  u n t i l  th e  a d u l t  complement i s  reached . The la r g e s t  in c re a s e  
in  m elanocyte  number o ccu rs  between d ay -20 of g e s ta t io n  and one week 
a f t e r  b i r t h ,  and a t  t h i s  tim e s p h e r ic a l  DOPA p o s i t iv e  c e l l s  a re  ob­
se rv ed  in  la rg e  numbers in  the sk in . At no tim e a re  th e se  c e l l s  
common w ith in  th e  m u scu la tu re , a lth o u g h  on o ccasion  a  few may be 
observed in th i s  lo c a t io n . Reams and B aird  ( '6 0 )  made a s tu d y  o f
th e  r e la t io n s h ip  between th e  morphology and p r o l i f e r a t i o n  o f  p ig ­
ment c e l l s  w ith in  th e  gastro cn em iu s m uscle o f  PET/MCV m ice. S p h e ri­
c a l  DOPA p o s i t iv e  c e l l s  were found in la rg e  numbers in  p ie c e s  o f  
th e  m uscle t r e a te d ,  and th ese  c e l l s  d id  n o t a l l  d i f f e r e n t i a t e  in to  
m elanocytes a t  l a t e r  s ta g e s . I t  was su g g es te d  th a t  th e s e  DOPA 
p o s i t iv e  c e l l s  may c o n tr ib u te  to  th e  co n n ec tiv e  t i s s u e  w ith in  th e  
m uscle. In th e  p re se n t PET/LSU s t r a i n  t h i s  e x te n s iv e  p r o l i f e r a t i v e  
c ap a c ity  o f  m e la n o b las ts  w ith in  th e  m uscu la tu re  was found n o t to  
e x i s t .  I t  i s  s ig n i f i c a n t  th a t  th ese  m uscles a re  co n s id e ra b ly  le s s  
pigm ented than  th o se  of the o r ig in a l  PET/MCV s t r a in .  However, th e  
sk in  g r a f t in g  s tu d ie s  have shown th a t  one i n i t i a l  m ig ra tio n  of 
m elan o b las ts  in to  th e  i n t e r i o r  t i s s u e s  occurs in PET/LSU mice, and 
th a t  t h i s  i n i t i a l  c o lo n iz a tio n  is  s u f f i c i e n t  through p r o l i f e r a t io n  
to  supply a l l  th e  m elanocytes found w ith in  th e  le g  m u scu la tu re  o f  
th e  a d u l t .
Mechanisms Involved i n  E x tra - epiderm al P igm en ta tion
The alm ost u b iq u ito u s  occu rrence  of m elanocytes in  mice o f  th e  
PET s t r a i n  dem onstrates the wide d i s t r i b u t io n  of n eu ra l c r e s t  c e l l s ,  
f o r  h e re  m elanin p roduction  serves as a  m arker in d ic a t in g  th e i r  p re ­
sence. I t  has been suggested  th a t  the d i s t r ib u t io n  o f  n e u ra l  c r e s t  
in  o th e r  s t r a in s  of m ice , and i t s  c o n tr ib u t io n  to  many s t r u c tu r e s  
o f the  body, may be g r e a te r  than  has been a p p re c ia te d  p re v io u s ly  
(N ichols and Reams, '60) . The absence of p ig m en ta tio n  does not 
n e c e s s a r i ly  in d ic a te  th a t  m e lan o b las ts  were u n ab le  to  reach  the
a re a , b u t r a th e r  th a t  c o n d itio n s  may be u n fav o rab le  f o r  melanogene- 
s i s  in  th a t  re g io n . DuShane ( ’44) has su g gested  a w ider d i s t r i b u ­
t io n  o f m elanocytes in  th e  fowl embryo than  in  th e  a d u l t ,  and th a t  
ex tra -e p id e rm a l s t r u c tu r e s  may produce an in h ib i to r  o f  m elanogene- 
s i s ,  o r  th a t  pigm ent c e l l s  may d ie  in  th e  e x tra -e p id e rm a l a re a s .
Fox ( ’49) has s tu d ie d  th e  d i s t r ib u t io n  o f pigm ent c e l l s  in  th e  
embryo and hatched  B arred Plymouth Rock fow l. She found th a t  p r io r  
to  h a tch in g  m elanocytes a re  w idely  d i s t r ib u te d  in  many e x tr a - e p id e r ­
mal re g io n s , and th a t  du ring  and im m ediately a f t e r  h a tch in g  they  
a re  l o s t  in  some reg io n s  o r  become le s s  numerous. The g e n e ra l 
coelom ic l in in g ,  v e n tr a l  ligam ent o f th e  g iz z a rd , gonads, and u ro ­
g e n i ta l  d u c ts  were th e  s i t e s  o f m e lan o b las t i n f i l t r a t i o n  and d i f ­
f e r e n t i a t io n  as seen  by th e  appearance o f m elanocytes in  th e se  
reg io n s  by th e  14 th  day o f in c u b a tio n . At h a tch in g  th e i r  d i s t r i ­
b u tio n  was observed  to  change, and t h e i r  number c o n sid e rab ly  reduced . 
Even in  th e  a d u lt  fowl c e r ta in  e x tra -e p id e rm a l s t r u c tu r e s  su p p o rt 
m elan o g en esis , e s p e c ia l ly  th e  gonads, and th e  unusual d i s t r ib u t io n  
o f  m elanocytes in  th e  White S i lk ie  i s  ev idence  o f th e  v a s t  d is p e r s a l  
o f  pigm ent c e l l s  in  b i r d s .  A s im ila r  s i t u a t io n  may e x i s t  in  the  
mouse (C57BL) in  which th e  s u p e r f ic ia l  ep iderm is du ring  l a t e  g e s ta ­
t io n  and e a r ly  p o s tn a ta l  l i f e  su p p o rts  m elanocy tes , on ly  to  be lo s t  
a t  l a t e r  s ta g e s  when they  a re  con fined  to  th e  h a i r  f o l l i c l e s .  Spot­
te d  a re a s  g e n e ra lly  a re  co n sid e red  n o t to  be th e  r e s u l t  o f d i f f e r e n ­
t i a l  m ig ra tio n  o f m e la n o b la s ts , b u t r a th e r  due to  l a t e r  f a c to r s  
w ith in  th e  t i s s u e  environm ent (M arkert and S i lv e r s ,  '5 6 ; S i lv e r s ,
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*57). T here fo re  th e  f a c t  th a t  d i f f e r e n t i a t e d  m elanocy tes a re  n o t 
r e g u la r ly  seen  in  e x tra -e p id e rm a l re g io n s  i s  n o t ev idence  th a t  they 
were unab le  to  reach  th e  a re a , o r  th a t  l a t e n t  m e lan o b las ts  a re  n o t 
p re s e n t .  In  f a c t ,  in  th e  a d u l t  mouse Reynolds ( '5 4 )  has a ttem pted  
to  dem onstra te  th e  p resen ce  o f  am elan o tic  m elanocytes in  th e  superf­
i c i a l  ep iderm is by t r e a t in g  i s o la te d  s h e e ts  of epic’erm is w ith  DOPA, 
s i l v e r  n i t r a t e ,  b r i l l i a n t  c re s y l  b lu e , and go ld  im pregnation . In 
some cases th e  mouse sk in  was p a in te d  w ith  ace tone  and tu rp e n t in e , 
su b stan ces  known to  s t im u la te  m elanogenesis through i r r i t a t i o n ,  and 
th en  t r e a te d  w ith  th e  above re a g e n ts . Through th e se  methods Rey­
n o ld s  was a b le  to  dem onstrate  c e l l s  w hich she  co n s id e red  to  be in ­
a c t iv e  m elanocytes lo c a te d  th roughou t th e  ep iderm is of th e  mouse.
I t  must be m entioned , however, t h a t  a number of in v e s t ig a to r s  have 
q u estio n ed  w hether th e se  s ta in in g  methods a c tu a l ly  a re  s p e c i f ic  fo r  
pigm ent c e l l s ,  as had been b e lie v e d  fo rm erly . In  o rd e r  to  i n v e s t i ­
g a te  th e  pigm ent c e l l  c o n ten t in  th e  sk in  o f  th e  mouse under more 
n a tu r a l  c o n d itio n s , th e  s e r ie s  o f au to - and hom oplastic  g ra f t in g  
experim ents were made. In  th e  case  o f leg  sk in  g ra f te d  to  th e  b e lly  
o f newborn m ice, pigm ent c e l l s  m ig ra ted  from the g r a f t  in to  th e  
b e l ly  sk in  where they  were c le a r ly  v i s i b l e  a s  m elanocytes lo c a ted  
between th e  h a i r  f o l l i c l e s .  This appearance of m elanocytes in  the  
b e l ly  sk in  seems to  e s t a b l i s h  th e  a re a  a s  one cap ab le  o f  su p p o rtin g  
m elanogenesis, shou ld  m e lan o b las ts  be p re s e n t .  F u r th e r  s tu d ie s  a re  
n ecessa ry  in  o rd e r to  de term ine  more d e f in i te ly  th e  pigm ent c e l l  
c o n ten t o f mouse sk in .
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The f a c to r s  re s p o n s ib le  f o r  th e se  d if f e r e n c e s  in  p igm enta­
t io n  between d i f f e r e n t  fo rm s, o r  w ith in  th e  same in d iv id u a l ,  have 
long been d isc u sse d , and a re  o f  prim e im portance in  an u n d e rs tan d ­
ing  o f th e  observed  p igm entary  p a t te r n s .  For exam ple, M arkert and 
S ilv e r s  ( '5 6 )  have examined the  o c cu rren c e , abundance and m orphol­
ogy o f m elanocytes in  50 genotypes o f  m ice to  determ ine th e  r e l a ­
t io n s h ip  between the  t i s s u e  environm ent and m e lan o b las t genotype 
in  th e  d i f f e r e n t i a t i o n  o f pigm ent c e l l s .  T h e ir r e s u l t s  p la ce  th e  
prim ary r e s p o n s ib i l i ty  f o r  m e lan o b las t d i f f e r e n t i a t i o n  on th e  t i s ­
sue environm ent. They found th a t  th e  h a rd e r ia n  g land  norm ally  
produces an environm ent fa v o ra b le  f o r  m e lan o b las t d i f f e r e n t i a t i o n .  
However, m ice p o sse ss in g  th e  genes Miŵ l i  la ck  th e  m elanogenic 
s tim u lu s  in  th e  h a rd e r ia n  g lan d , and pigm ent c e l l s  a re  th e re fo re  
n o t produced in  th i s  reg io n . In th e  PET mouse s im i la r  f a c to r s  may 
w e ll o p e ra te  in  d e term in ing  m elanocyte appearance in  the  e x tra -  
ep iderm al lo c a t io n s ,  a lth o u g h  an a l t e r n a t iv e  p o s s i b i l i t y  i s  a lso  
l ik e ly .  A few is o la te d  pigm ent c e l l s  a re  f r e q u e n tly  found in  the  
e x te n so r  d ig ito ru m  longus m uscle, and t h e i r  p o p u la tio n  becomes more 
dense as one approaches th e  p o s te r io r  re g io n  o f th e  p e ro n ea l group 
and th e  gastro cn em iu s. The deeper m uscles a re  le s s  h e a v ily  p ig ­
mented than  th e  s u p e r f i c i a l  ones. The im pression  i s  th a t  o f  a 
d i f f e r e n t i a l  m ig ra tio n  o f  m e lan o b las ts  in to  th e  re g io n , w ith  only  
a few c e l l s  reach ing  th e  a n te r io r  a sp e c t o f  th e  le g . G ra fts  o f 
t i b i a l i s  m uscle a t  e a r ly  s ta g e s  when m e lan o b las ts  a re  e n te r in g  th e
o th e r  leg  m uscles w ere c o n s is te n t ly  n e g a tiv e  in  reg a rd  to  pigm ent 
c e l l  p ro d u c tio n . In  view o f  th e  v a s t  m ig ra tio n  o f pigm ent c e l l s  
from g r a f t s  o f  gastrocnem ius m uscle , one would ex p ec t t h a t ,  were 
m e lan o b las ts  p re se n t in  th e  t i b i a l i s  m uscle, some would have been 
s e t  f r e e  to  m ig ra te  in to  th e  fa v o ra b le  h o s t environm ent and d i f f e r ­
e n t i a t e .  The p resen ce  o f m elanocytes in  th e  m u scu la tu re  o f  p ig ­
mented mice in  g e n e ra l su p p o rts  th e  view th a t  t h i s  environm ent in  
th e  PET mouse does n o t d i f f e r  b a s ic a l ly  from th a t  o f o th e r  m ice in  
which the  m uscu la tu re  a lso  su p p o rts  m elan in  s y n th e s is .  The respon­
s i b i l i t y  f o r  the  observed  pigm entary p a t te r n  in  th e  leg  o f  PET 
mice th e re fo re  appears  to  r e s t  w ith in  th e  pigm ent c e l l s  them selv es , 
and n o t due to  f a c to r s  w ith in  th e  t i s s u e  environm ent.
The e a r ly  m ig ra tio n  o f m e lan o b las ts  in to  th e  sk in  o f  th e  le g , 
and th e  delay  o f two days b e fo re  they  p e n e tr a te  th e  deeper t i s s u e s ,  
su g g es ts  an o v e rp o p u la tio n  phenomenon. Tw itty  ( '4 4 ,  *53) has shown 
th rough  ^n  v i t r o  s tu d ie s  in  am phibia th a t  pigm ent c e l l s  ten d  to  
re p e l each o th e r ,  and thus m a in ta in  a c e r ta in  p o p u la tio n  d e n s ity  p e r  
u n i t  a re a  o f sk in . The e x te n t o f m ig ra tio n  o f pigm ent c e l l s  in  c u l ­
tu re  was dependent upon th e  s iz e  o f th e  e n t i r e  p o p u la tio n . One c e l l  
d id  n o t m ig ra te , two c e l l s  spaced them selves a c e r ta in  d is ta n c e  
a p a r t ,  and la rg e  c u l tu re s  o f m e lan o b las ts  e x h ib ite d  e x te n s iv e  m igra­
t io n .  The only  d if f e r e n c e  in  m ig ra to ry  b eh av io r no ted  between 
Amblystoma and T r itu ru a  pigm ent c e l l s  under th e se  c o n d itio n s  was 
th a t  th e  e x te n t  o f  outgrow th in  Amblystoma was g r e a te r  than  T r i tu r u s . 
W il l ie r  ( '5 2 )  has em phasized th e  s a tu r a t io n  phenomenon in  e x p la in in g
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th e  sp read  o f m e lan o b las ts  th roughou t th e  sk in  in  the  fow l. He 
sugg ested  th a t  from t h e i r  p o in t  o f  o r ig in  in  th e  n e u ra l c r e s t ,  a 
wave o f m e lan o b las ts  sp reads in  a  d o r s a l - v e n t r a l  d i r e c t io n  th rough  
th e  sk in . Behind th e  m argin o f t h i s  wave th e  sk in  i s  s a tu r a te d  
w ith  m e la n o b la s ts , and th e  c e l l s  in  t h i s  re g io n  become f ix e d  o r 
s ta t io n a r y .  In  f r o n t  o f th e  sp read in g  wave, an u n s a tu ra te d  con­
d i t io n  p r e v a i ls  and m e lan o b las ts  a re  f r e e  to  move in to  th a t  re g io n . 
W il l ie r  b e lie v e d  th a t  m ig ra tio n  and p r o l i f e r a t i o n  o f m e lan o b las ts  
co n tin u e  u n t i l  th e  m id v en tra l l in e  i s  reach ed , where th e  two waves 
m eet. At t h i s  tim e th e  e n t i r e  sk in  would be s a tu r a te d  and melano­
b la s t  p r o l i f e r a t i o n  would cea se . S tu d ies  in  b ird s  have shown th a t  
when pigment f r e e  sk in  i s  g ra f te d  to  a pigm ented h o s t a f t e r  h a tch ­
in g , m e lan o b las ts  m ig ra te  f r e e ly  in to  th e  g r a f t  and become e s ta b ­
l is h e d  in  th e  f e a th e r  p a p i l la e  (Raw les, *44). G ra fts  c o n ta in in g  
th e  normal complement o f pigm ent c e l l s  do n o t re c e iv e  m e lan o b las ts  
from th e  pigm ented h o s t. In  th e  PET mouse a wave o f m e lan o b las ts  
has been found to  pass th rough th e  sk in  o f th e  d o rs a l  su rfa c e  o f 
th e  leg  d u ring  th e  12th  day o f developm ent, and l a t e r  reach  th e  
v e n tr a l  s u rfa c e . As th e  two waves o f  m e lan o b las ts  on bo th  s id e s  
o f  th e  leg  meet v e n t r a l ly ,  they  do n o t become s ta t io n a r y ,  b u t 
r a th e r  seem to  co n tin u e  th e i r  p r o l i f e r a t i o n  and invade th e  m uscula­
tu r e .  The delay  in  reach ing  th e  i n t e r i o r  o f th e  leg  su g g es ts  a 
p r io r  s a tu r a t io n  o f th e  sk in  w ith  m e la n o b la s ts , a f t e r  which th rough  
co n tinued  m u l t ip l ic a t io n  they  a re  fo rce d  in to  th e  deeper t i s s u e s .  
The p r o l i f e r a t i v e  and m ig ra to ry  c a p a c ity  o f th e  PET m e lan o b las ts  i s
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s t r ik in g  when g r a f t s  o f  C57BL mice a re  compared to  th o se  in  t h i s  
r e p o r t .  Even as l a t e  as 13% days PET sk in  g r a f t s  show e x te n s iv e  
m ig ra tio n  o f  pigm ent c e l l s  in to  th e  h o s t peritoneum , w h ile  a t  
e a r l i e r  s ta g e s  in  th e  C57BL s t r a i n  Rawles re p o r te d  m ig ra tio n  was 
seldom observed . I t  can be v is u a l iz e d  th a t  th e  g re a t  p r o l i f e r a t i v e  
c a p a c ity  o f  PET m e lan o b las ts  r e s u l t s  in  a " s p i l l in g  o v er"  o f  th e se  
c e l l s  from th e  sk in  in to  th e  e x tra -e p id e rm a l re g io n s  o f  th e  body.
The f a c t  th a t  pigm ented mice in  g e n e ra l e x h ib i t  p ig m en ta tio n  in  
th e  h ind  limb m u scu la tu re , a lth o u g h  to  a reduced degree compared 
to  th e  PET s t r a i n ,  lends su p p o rt to  th e  above co n c lu s io n . I t  i s  
h a rd ly  l ik e ly  th a t  th e  p igm entary  system  in  th e  h ind  limb sk in  
would be so ba lanced  th a t  on ly  enough m elanocytes a re  produced to  
p o p u la te  th e  sk in  a re a  a lo n e . In a l l  the  pigm ented specim ens ex­
amined, th e re  i s  an overflow  from th e  sk in  in to  th e  mesoderm, and 
m elanogenesis i s  th u s  supported  by th e  mesodermal environm ent in  
a l l  th e se  s t r a i n s .  In view o f th i s  ev id en ce , one i s  com pelled to  
co n s id e r th e  p igm entary  system  in  th e  PET mouse h ind  limb as d i f f e r ­
ing only  q u a n t i ta t iv e ly  from th a t  found in  o th e r  s t r a in s  o f p ig ­
mented m ice.
SUMMARY
Mice o f  th e  PET/LSU s t r a i n  p o sse ss  m elanocytes c o n s is te n t ly  
w ith in  th e  fo llo w in g  m uscles o f  th e  le g : g astro cn em iu s , p l a n t a r i s ,
s o le u s , and p e ro n ea l group. M elanocytes appear in  th e se  lo c a t io n s  
f i r s t  by th e  17th  day o f  g e s ta t io n ,  and th e  t o t a l  number in c re a s e s  
to  approx im ate ly  2,100 by one week a f t e r  b i r t h .  This number i s  
m a in ta in ed  in  th e  a d u l t .
In traco e lo m ic  g ra f t in g  s tu d ie s  have re v e a le d  th a t  m e lan o b las ts  
m ig ra te  in to  th e  leg  a long  th e  in n e r  su r fa c e  ectoderm . They f i r s t  
re ach  th e  d o rs a l  su rfa c e  o f th e  leg  by 12 days o f  age, and by 12% 
days m e lan o b las ts  a re  d i s t r ib u te d  th roughou t th e  e n t i r e  su rfa c e  o f 
th e  le g . I t  i s  n o t u n t i l  14% days th a t  m e lan o b las ts  a re  found in  
th e  mesoderm on th e  v e n tr a l  s id e ,  a f u l l  two days a f t e r  they  were 
observed  in  th e  sk in  o f t h i s  re g io n . The d o rs a l  mesoderm appar­
e n t ly  i s  n o t invaded by pigm ent c e l l s .
Pigmented mice of o th e r  s t r a i n s  p o sse ss  m elanocytes w ith in  
th e  leg  m u scu la tu re , a lth o u g h  n o t in  as la rg e  a number as in  PET 
m ice. Skin g r a f t in g  experim ents in d ic a te  th a t  th e  d i s t r ib u t io n  o f 
m elanocytes in  PET mice i s  due to  a  d i f f e r e n t i a l  m ig ra tio n  o f m elano­
b la s t s  in to  th e  a re a , and n o t due to  a la ck  o f a  m elanogenic s tim u­
lu s  in  c e r ta in  re g io n s .
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F ig u re  3
U nstained  whole mount o f th e  l a t e r a l  head o f th e  gastrocnem ius 
o f 5 day o ld  mouse showing m elanocyte d i s t r ib u t io n .  X 80.
Pl a t e  I
F i g u r e  3
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Figure 4
M elanocytes from th e  so leu s  muscle of a  5 day o ld  mouse. Un­
s ta in e d  whole mount. X 300.
F igure 5
Skin whole mount from  a 5 day mouse showing m elanocytes in  th e  
derm is between th e  h a i r  f o l l i c l e s .  U nstained p re p a ra t io n . X 300.
P l a t e  II
?
Fi gure  4
F i g u r e  5
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F ig u re  6
Cross s e c t io n  o f th e  l a t e r a l  head o f  th e  gastrocnem ius m uscle 
showing m elanocytes between th e  m uscle f ib e r s .  S ta in ed  w ith  
D e la f ie ld 's  hem atoxylin . X 800.
/
P l o t e  III
F igure  6
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F ig u re  7 
G ra ft reco v ered  from th e  t r a n s ­
p la n ta t io n  o f 12% day embryonic 
mouse leg  mesoderm to  th e  coelom 
of th e  ch ick . C a r ti la g e  and 
bone a re  p re s e n t ,  b u t melano­
c y te s  a re  la ck in g . U nstained  
whole mount. X 40.
F ig u re  8 
G ra f t o b ta in e d  from tr a n s ­
p la n tin g  17 day embryonic 
mouse gastro cn em iu s to  the  
coelom o f  th e  c h ic k . P ig ­
ment c e l l s  have m ig ra ted  
from th e  g r a f t  in to  the  
h o s t peritoneum . U n sta ined  
whole mount. X 40.
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F ig u re  9
G ra ft reco v ered  from t r a n s p la n t in g  ectoderm  from th e  d o rs a l  
su rfa c e  o f  th e  le g  o f a 12 day o ld  mouse embryo to  th e  coelom 
o f  th e  ch ick . Figment c e l l s  have m ig ra ted  in to  th e  h o s t t i s ­
su es . U nstained  whole mount. X 40.
F ig u re  10
G ra ft o b ta in e d  from t r a n s p la n t in g  ectoderm  from th e  v e n tr a l  
su r fa c e  o f. th e  leg  o f - a  12 day o ld  mouse embryo to  th e  ch ick  
coelom. Pigment c e l l s  a re  ab sen t from th i s  g r a f t .  U nstained 
whole mount. X 40.
P l a t e  V
F i g u r e  9
F i g u r « 10
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F igure 11
U nstained  whole mount o f  th e  l a t e r a l  head o f th e  gastrocnem ius 
o f a 5 day o ld  C57BL mouse. X 60.
F ig u re  12 
U nstained  m elanocyte in  th e  
p l a n ta r i s  m uscle o f a 5 day 
o ld  C57L mouse. X 300.
F ig u re  13 
M elanocyte in  th e  l a t e r a l  
head o f th e  gastrocnem ius 
m uscle o f  a 5 day o ld  
C57BR mouse. U nstained  
p re p a ra t io n . X 200.
P l a t t  V I
F i g u r e  II
F i g u r e  12 F i g u r e  13
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F i g u r e  1 4
U nstained whole mount of b e lly  s k in  a d jac e n t to  a  g r a f t  o f leg  
sk in . M elanocytes a r e  obvious betw een the  h a i r  f o l l i c l e s .  X 35.
F i g u r e  1 5
U nstained w hole mount of normal b e l ly  s k in .  M elanocytes a re  
r a re  between th e  h a i r  f o l l i c l e s .  X 35.
P l a t e  VI I
F i g u r e  14
Figure 15
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F ig u re  16
Whole mount showing th e  ju n c tio n  between normal le g  sk in  ( r ig h t)  
and a g r a f t  o f  b e l ly  sk in  ( l e f t ) .  U nstained  p re p a ra t io n . X 35.
P l a t *  V I I I
F i gur e  16
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